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ABSTRACT 
Rotifers, commonly termed as 'Rotifera', 'Rotatoria' or 'wheel 
animalcules' are one of the main components of the freshwater 
zooplankton and play an important role as grazers, suspension feeders 
and predators within the zooplankton community. They also constitute 
an important trophic link in the food chain of many economically valuable 
fishes. Rotifers are influenced by abiotic and biotic environmental factors 
and some species show seasonal variations in their morphology called 
as cyclomorphosis. Present study deals with the seasonal dynamics of 
rotifer population and cyclomorphosis in a tropical pond in relation to 
some ecological factors in the duration of one year from June, 1994 to 
may, 1995. This study further includes laboratory experiments on 
cyclomorphic rotifer , Brachionus calyciflorus, to see induction and 
adaptive significance of cyclomorphosis in this species. Experiments 
were also conducted to observe the comparative life tables and 
population perameters of the non-spined and spined morphotypes of B. 
calyciflorus. 
Wide monthly f luctuations were noted in physico-chemical 
characteristics of the pond water, during the period of study (air 
temperature, 14° to 32.5°C; water temperature,1 3.5° to 31.5°C; 
transparency, 32 to 50cm; pH, 7.7 to 9.6; dissolved oxygen, 4.8 to 12.1 
ppm; bicarbonates, 210 to 515 ppm; carbonates, 56 to 220 ppm; 
phosphate-P, 1.92 to 2.92 ppm and nitrate-N, 0.39 to 0.97 ppm). Total 
phytoplankton ranged between 1109 to 3086 units /ml while total 
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zooplankton were found to be ranging between 318 to 922 ind/L during 
different months Marked seasonal defferences in the abundance of total 
zooplankton, phytoplankton and various rotifer species were also 
observed. Thirteen species, belonging to 8 families and 9 genera of 
rotifers were recorded Family Brachionidae was found to be forming 
the major fraction of the rotifer taxa. The quantitative predominance and 
comman occurrence of the species of genus Brachionus impart a tropical 
character of the fauna of the pond. Two marked maxima of rotifers were 
observed during the study, first in October and second in February 
B.calyciflorus was found to be the most dominant species throughout 
the study. Correlation coefficients and regression analyses between 
rotifer density and some physico-chemical and biological parameters 
yeilded that total rotifers are negatively correlated with temperature and 
bicarbonates and positively correlative with pH, transparency, phosphate-
P, nitrate-N, dissolved oxygen, total zooplankton and total phytoplankton 
Cyclomorphosis or seasonal polymorphism is an interesting 
phenomenon which involves alteration of morphologically different forms 
of same species in time Forms having external protuberances like 
helmets, humps or spines etc. alternate with forms lacking these 
exuberances Cyclomorphosis among loricate rotifers includes an 
increase in the length of existing spines or development of extra spines 
while some illoricate rotifers vary in their relative size The appearance 
of cyclomorphic variation in nature generally comsides with certain 
environmental factors such as temperature, turbulence and food quality 
and quantity or has been associated with a soluble substance released 
by dominant species of predators Many views and hypotheses have been 
presented concerning the possible adaptive significance of 
cyclomorphosis among the zooplankton including the role of indigenous 
factors, water bouyancy, food size etc But now widely accepted 
hypothesis given by Brooks (1965) and modified by Dodson (1974) states 
that prey populations may reduce their mortalities when predators are 
abundant by a sort of antilock and key change in their morphology by 
growing extra spines which foils a tactile mode of size selective 
planktivory Cyclomorphosis has been ascribed usually only to phenotypic 
plasticity and known to be largely but not entirely, non-genetic in origin 
Marked cyclomorphosis was observed among the rotifer species, 
Brachionus bidentatus, B calyciflorus and Keratella tropica Four 
morphologically different forms of B bidentatus were observed including 
f adorna ( without postero-lateral spine) f intermedia (moderately 
developed postero-lateral spines), f monospina (with only right postero-
lateral spine) and f testudinarius (with well developed postero-lateral 
spines) Seven forms of 6 calyciflorus were also recorded with variations 
m the presence and development of postero-lateral spine, namely f 
calyciflorus, f dorcas, f spinosus, f heterospina, f amphiceros, f 
monstruosa, and f anuraeiformis Keratella tropica was represented by 
four cyclomorphic forms, f monstrosa (lacking left posterior spine), f 
reducta (with bud like left posterior spine), f asymmetrica ( with 
moderately developed left posterior spine) and f heterospina (with well 
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developed left and right posterior spines) Cyclomorphosis of all the three 
rotifer species was found to accur from autumn to spring through the 
winter between November, 1994 to April, 1995 Cyclomorphic characters 
such as posterior or postero-lateral spines were found to be directly 
related with low temperature and presence and density of dominant 
predators like Asplanchna birghtwelh and diaptomid copepods 
Results of induction and predation experiments in clonal laboratory 
cultures to determine causative and adaptive relationship between the 
development of postero-lateral spines in prey rotifer, B. calyciflorus 
showed that predator, A. brightwelli could induce a significant response 
to develop postero-lateral spines in B calyciflorus at low temperature 
as over 90% of the population developed postero-leteral spines at 20°C 
There was no induction at 30°C. Postero-lateral spined morphotype of 
B. calyciflorus significantly avoided predation by A. brightwelli than that 
of non-spined morphotype 
Comparative study of life tables and population parameters of 
clonal cohorts of non-spined morphotype ( cultured in the absence of A 
brightwelli) and spined morphotype (cultured in the presence of A 
brightwelli) at three different temperatures (20°, 25° and 30°C ) shows 
that there are minor differences between non-spined and spined 
morphotype of B calyciflorus in their mean survivorship, fecundity, mean 
generation time, net reproductive rate and intrinsic rate of growth at 30°C 
However, these differences are pronounced at lower temperatures (20° 
and 25°C). Survivorship, net reproductivity and generation time of both 
kinds of morphotype was found to be decreasing with rising temperature 
while intrinsic rate of growth increased at higher temperature. Both kinds 
of morphs responded in a similar way to rising temperature. Non-spined 
morphotype had higher values of survivorship, net reproductivity and 
generation time as compared to spined morphotype. The non-spined 
morph was looking to be superior than the spined morph with respect to 
its life table and propulation parameters which can be attributed to the 
energy loss associated with the formation of extra spines which would 
otherwise be used to increase the growth rate or reproduction. 
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The Rotifera 
But if, retaining sense and sight, we could shrink 
into living atoms and plvinge under the water of what a 
world of wonders should we then form part! We should 
find this fairy kingdom peopled with the strangest crea-
tures - creatures that swim with their hair, that have ruby 
eyes blazing deep in their necks, with telescopic limbs 
that are now withdrawn wholly within their bodies and 
now stretched out to many times their own length. Here 
are some riding at anchor, moored by delicate threads 
spun out from their toes; and there are others flashing 
by in glass a rmour , br is t l ing with sharp sp ikes or 
ornamented with bosses and flowing curves; while fas-
tened to a green stem, is an animal convolvulus that by 
some invisible power draws a never-ceasing stream of 
victims into its gaping cup, and tears them to death with 
hooked jaws deep down within its body... 
We sink still lower, and now see on the bottom 
slow-gliding lumps of jelly that thrust a shapeless arm 
out where they will, and, grasping their prey with these 
chance limbs, wrap themselves around their food to get 
a meal; for they creep without feet, seize without hands , 
eat without mouths, and digest without stomachs. 
Time and space, however, would fail me to tell of 
all the marvels of the world beneath the waters. They 
would sound like the wild fancies of a child's fairy tale, 
and yet they are all literally true... 
C H . Hudsor>1889 
(cited in Hutchinson, 1967). 
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CHAPTER ONE 
GENERAL I N T R O D U C T I O N 
This Chapter highlights the importance of zooplankton 
with special reference to rotifers in aquatic ecosystems. 
Work dealing with eco-bidogy of rotifers is reviewed and dis-
cussed. 
CHAPTER / 
Organisms of freshwater are extremly diverse and include the 
representatives of nearly all the phyla. Some organisms which are unable 
to maintain their distribution against the movement of water masses, so 
called driftwood of destiny, are referred to as 'plankton'. Included in this 
group are bacterioplankton (bacteria), phytoplankton (plants) and 
zooplankton (animals). Plankton is a heterogenous assemblage, the 
organisms of which differ widely in taxonomic relationships and in the 
degree of biological complexity. Freshwater zooplankton belong to the 
free-living non-photosynthetic protista to the rotifera, and to the Crustacea. 
In addition to members of these groups, which form by far the greater 
proportion of both species and individuals, afewcoelentrates, flatworms, 
gastrotriches, mites and larval insects at times may be found in the 
zooplankton (Hutchinson, 1967).In natural ecosystems, zooplankton by 
their heterogenic activity initially handle and manage the biogenic materials 
of primary and secondary production to a considerable extent. In self 
regulatory ecosystems the spectrum of zooplankton dynamics functions 
in a space time continuum, so that allochthonous and autochthonous organic 
materials are processed and a dynamic equilibrium manifests between 
the inputs of processing and processed materials respectively (Khan and 
Rao, 1981). 
Rotifers, commonly termed as 'Rotifera, 'Rotatoria' or 'Wheel 
animalcules', are one of the main components of the freshwater 
zooplankton, while other two being protozoa and Crustacea. Of these 
usually only the crustaceans are more thoroughly analysed quantitavely 
because of their greater biomass. In terms of biomass, rotifers certainly 
cannot compete with the larger Crustacea but their rapid reproduction 
and fast development rate means that rotifers can account for between 
10 and 44 % of the total zooplankton (Herzig, 1987 ). 
According to Pennak (1978), if we were to designate a single major 
taxonomic category that is most characteristic of freshwaters, it could 
only be the Phylum Rotatoria. For the rotifers are one of the few groups 
that have unquestionably originated in freshwater, and it is here that they 
have attained their greatest abundance and diversity. Although, relatively 
few genera of the rotifers have planktonic forms, yet certain species are 
to be found in most collections of freshwater zooplankton, contributing 
significantly to the plankton dynamics of aquatic eco-systems. 
Rotifers are perhaps the prettiest aquatic microcreatures. and are 
from 40 microns to 2.5 mm in size. Usually rotifers are elongated in shape 
though spherical forms are also common and are readily identifiable from 
other planktonic material by the presence of their anterior, ciliated wheel 
like structures, called 'corona'. Rotifers have some characters, very 
specific in the animal kingdom as for example all rotifers possess a species-
specific number of cells at birth (they are strictly eutelic) and grow by 
increasing cell size and not cell number. The number of oocytes are also 
fixed for each rotifer species (Pagani et al., 1993). Their minute and simple 
morphology often masks many complex physiological functions. The smaller 
size, reduced numbers and sometimes total absence of males in some 
groups has been further complicated by indistinguishable mictic and amictic 
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females. (Tonapi, 1987). Although rotifers are a relatively small group 
(about 2000 species) they show a remarkable diversity of morphological, 
morphofunctional and ecological characters, which complicates their 
taxonomic arrangement and their systematics (Kutikova, 1983). The 
credibility of ecological, genetic, biochemical and other studies on rotifers 
relies heavily on the correct identification of the organisms involved but at 
the same time the existence of parthenogenetic reproduction (either 
facultative or obligatory), high mutation rates, and polymorphism, makes 
the delimitation of rotifer species extremly uncertain, which is still 
based on morphology (Ruttner-Kolisko, 1989). 
Rotifers play an important role as grazers, suspension feeders and 
predators within the zooplankton community (Herzig,1987). They exhibit 
remarkable ability to colonize, diversified biotopes, depict interesting 
reproductive and population strategies and certain taxa also show unique 
ecotypic and cyclomorphic variations.They also serve as valuable indicators 
of trophic condition of water (Sladecek, 1983). Consequently, they are 
often important competitors of the larger Crustacea. Bogdan et al. (1980) 
pointed out that on a per unit weight basis rotifers' suspension feeding 
may greatly surpass that of the crustacean plankton and so they have a 
key role in biodegradation process in oxidation ponds and man-made lakes 
receiving putrescible faecal material. Rotifers exhibit high population turn-
over rates in nature and, therefore, respond more quickly to environmental 
changes than micro-crustacea and appear to be more sensitive indices of 
changes in water quality (Allan, 1976). They also serve as essential food 
source for invertebrate and vertebrate predators (Herzig, 1987). Rotifers 
constitute an important trophic link and play a vital role in the food chain 
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of fishes as animal food which supplies amino acids, fatty acids, vitamins, 
minerals etc. (Watanabe, 1978; Mam et al., 1989). Zooplankton 
populations including rotifers are influenced by abiotic and biotic factors. 
The former such as temperature and salinity are important in extreme 
environments. In non-extreme environments, the zooplankton populations 
are limited by biotic factors like predation and food availability (Vega, 
1995). 
Considerable information exists on the taxonomy, morphology and 
distribution of freshwater planktonic rotifers belonging to temperate 
regions (Pejier, 1957, 1977; Hussey, 1980; Lair, 1980; Leentvaar, 1980; 
Chengalath and Koste, 1983; Dartnell, 1983; Miracle et al., 1987; 
Edmondson and Litt, 1989). Studies on the importance of general rotifer 
ecology (Dumant, 1977; Ruttner-Kolisko, 1980; Berzins and Pejier, 1987, 
1989), their food and feeding behaviour (Pourriot, 1977; Starkweather 
and Gilbert, 1977; Starkweather, 1980; Wallace and Starkweather, 1983; 
Bogdan and Gilbert, 1987; Guisande and Toja, 1988) and their reproduction 
(King, 1967; Hrbackova, 1971; Gilbert and Litton, 1975; King and 
Miracle,1980; King and Snell, 1980; May, 1987) have been well 
documented. But tropical rotifers, in general, have been less studied as 
compared to temperate rotifers, while tropical Indian rotifers, in particular, 
have not been properly studied for various kinds of studies related to 
their eco-biology and behaviour. 
India is a vast subcontinent of contrasts with its varied physical and 
meteorological features. The freshwater habitats are also as kaleidoscopic 
as the land itself. Great diversity is one of the remarkable feature of 
animal life in freshwater here which emphasizes the importance of the 
4 
study of freshwater biology. In this context it is said that nowhere else 
does a comparable miniature world of unresolved mysteries, to be probed, 
exists as in any freshwater habitat, be it lake or river (Tonapi, 1980). 
Zooplankton, in general, has been the subject of study by several 
authors in India particularly in the last few decades (Michael, 1968; Khan 
efa/.,1970; Nayar, 1970; Bhargava ef a/., 1973; Verma and Gupta, 1974; 
Vasisht and Sharma, 1975;Mathew, 1977; Kader ef a/., 1978; AN and 
Khan, 1979, Jyoti and Sehgal, 1979; Singh, 1980; Saksena and Sharma, 
1981; ChaurasiaandAdoni, 1985; Khanefa/., 1986; Haqueefa/., 1988). 
Apart from the above works, dealing rotifers alongwith the other 
zooplankton, their have been some specific studies on planktonic rotifers 
from India. Studies on Indian rotifers were started by Anderson (1889), 
who studied 47 species from Bengal province for taxonomic information. 
Later, Murray (1906), Apstein (1907), Stewart (1908), Edmondson and 
Hutchinson (1934), Hauer(1937), Donner (1949), Brehm (1951) and Pasha 
(1961) carried out some work on rotifers from Indian sub-continent and 
Tibet. A significant contribution to the knowledge of rotifer taxonomy and 
distribution comes from the works of Arora (1964), Moitra and Bhowmick 
(1968), Michael (1968), and Sharma (1980). 
Dynamics of rot i fers,emphasiz ing problems of abundance, 
composition, dominance, seasonal fluctuations and succession of species 
in relation to abiotic and biotic factors have been depicted in many 
publications from India (Arora, 1961, 1966; Rao and Mohan, 1977, Jyoti 
and Sehgal, 1979; Datta and Bandhopadhyay,1985; Haque ef a/.,1988). 
The rotifer fauna of India seems to be cosmotropical (Sharma, 1980) 
and comparable to the fauna of Indonesia (Hauer,1937) and Sri Lanka 
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(Chengalath et al., 1974). An overall assessment of Indian rotifer fauna 
indicates the group is quite rich and varied but previous studies have left 
some lacunae in our knowledge of Indian rotifers and leave ample scope 
for more investigations related to the seasonal population dynamics, life 
history parameters, cyclomorphosis and taxonomic aspects of rotifers from 
monsoon fed tropical and sub-tropical Indian waters. Thus, the scope of 
limnologlcal investigations in India is quite wide and it was thought desirable 
to contribute some knowledge on certain aspects of rotifer eco-biology 
from Indian freshwaters. 
Present study deals with the seasonal dynamics of rotifer populations 
in a natural lentic eco-system in relation to certain ecological factors. 
Cyclomorphosis of certain freshwater rotifers alongwith its causes and 
significance are also investigated by combining both field and laboratory 
studies. Life history characteristics of non-spined and predator induced 
spined forms of rotifer, Brachionus calyciflorus are investigated in 
laboratory to evaluate the costs of spine induction on the life history of 
the rotifer at varying temperatures. 
CHAPTER TWO 
^.SONAL DYNAMICS OF 
I F E R S IN THE F I E L D 
This chapter ilucidates monthly changes in hydrobiological 
profiles of a tropical pond. Relationships of rotifer populations with 
certain hydrobiological characteristics of the pond are determined 
and discussed. 
CHAPTER 2 
INTRODUCTION 
The study of a natural population in its environment requires a careful 
evaluation of the interrelationship between the biological, physical and 
chemical factors of the environment (Hazelwood and Parker, 1961). 
Planktonic organisms vary qualitatively as well as quantitatively with depth, 
size, time and season of the collection. They also differ according to the 
source of water, its organic and inorganic contents and geological, 
biological and climatic factors (Chaurasia and Adoni, 1985). 
Rotifers constitute a vital link in the food chain in aquatic ecosystem. 
Their productivity directly depends upon the physico-chemical factors of 
the water and they are especially sensitive to changes in water quality 
(Gannon and Stemberger, 1978). Therefore , the knowledge of 
composition, abundance and seasonal variation of rotifers helps in better 
understanding of the state of aquatic environment (Haque, 1991). 
Seasonal variation in planktonic communities is known since last 
century from the works of Whipple (1894) and Apstein (1896), but the 
possibility of chemical factors controlling the plankton distribution was 
realized only in the present century (Pearsall, 1923). 
Important studies on seasonal variations of the rotifers in relation to 
certain environmental factors from the different parts of the world are 
those of Ahlstrom (1933) , Ruttner (1930), Carlin (1943), Pejier (1957), 
Dumant (1977), Ruttner-Kolisko (1980), Frankhauser (1983), May (1983), 
Hofmann (1977), Salt (1987), Berzins and Pejier (1987,1989) and Duncan 
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(1989). 
Although, the importance of studies on seasonal variation and ecology 
of rotifers in freshwaters of India was recognised by different workers 
long back (Anderson, 1889; Edmondson and Hutchinson, 1934; Alikunhi 
et al., 1955; George, 1961) but systematic studies started only lately. 
While a good measure of information on the taxonomy and distribution 
of Indian rotifers is available (Arora, 1962, 1963 ;1965; Nayar, 1965; 
Vasjsht and Battish, 1970,1971; Michael, 1973; Dhanapathi, 1974, 1975, 
1976; Laal and Nasar, 1977; Sharma, 1977, 1978, 1979, 1980; Chowdhary 
et al., 1978; Das and Akhtar, 1976) there is comparatively little data on 
their ecology (Arora, 1965, 1966; Jyoti and Sehgal, 1979; George, 1966; 
Khanefa/., 1978; Sandhuefa/., 1984; Chaurasia and Adoni, 1985; Datta 
and Bandhopadhyay, 1985; Hague, 1991). 
Very little is known about the planktonic rotifer diversity and ecology 
of North India, and information available so far on the subject is assorted 
and incomplete. In the present study, therefore, a specific information 
was sought to determine the composition of the rotifer fauna and to relate 
their abundance to certain physico-chemical characteristics of water of a 
polluted tropical freshwater pond at Aligarh over a period of one year 
from June, 1994 to May,1995. 
DESCRIPTION OF THE POND 
Aligarh is one of the important districts of Western Uttar Pradesh 
(Northern India) and is richly supplied with numerous ponds and irrigation 
channels. The pond, selected for this work, namely Lai Diggi, is a perennial 
freshwater, sewage-fed pond situated at a distance of about 1.5 kms 
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South-East from the Department of Zoology, Aligarh Muslim University, 
Aligarh (Lat. 27° - 54'N, Long.78° - 04'E) (fig. 1). It is more than hundred 
years old pond, almost squarish in shape with irregular shore line. It is a 
shallow eutrophic body of water, covering an area of about 0.8 hactare. 
Depth of the pond ranges from 2.5 feet during summer to 8 feet during 
rainy season. The sources of its replenishment are rain water, waste water 
and sewage from surrounding localities which are fed through four inlet 
drains present on the four corners of the pond. 
All along the bank of the pond there is a luxurient growth of Babul 
{Acacia arabica), Neem {Azardirachta indica) and Sheesham {Dalbergia 
sisso) trees. These trees generally cut off a fairly good deal of sunlight 
and thus deprive the pond of sunshine during early and late hours of the 
day. Considerable litter is also deposited in the pond bottom. Pond is 
partially infested by the surface macrophyte, water hyacinth {Eichhornia 
crassipens). 
The pond is used as drainage basin into which drainage water sweeps 
from the surrounding localities, and also for bathing purpose of the catties. 
Pond receives large quantities of human excreta, animal dung and sewage 
from nearby settlements, contributing organic nutrients to the pond. Bottom 
of the pond is more or less flat and contains mostly mud, stones, parts of 
dead plankton and deposited decomposed and partially decomposed litter. 
The colour of the bottom material ranges from grey to brown and blackish 
during different seasons of the year. The water of the pond is turbid and 
dull green in colour. Its main fish inhabitants include Clarius batrachus, 
Channa punctatus, Esomus denricus, Heteropneustus fossilis and Puntius 
sophore. Leeches, frogs and tortoises are also not uncommon. 
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MATERIALS AND METHODS 
Physical parameters like air and water temperatures and transparency 
with some chemical parameters like dissolved oxygen, free carbon dioxide, 
pH, and alkalinity were determined in duplicate at the three sampling 
stations (Fig. 1). Mean values of the results were recorded for each 
parameter. Rest of the analyses were carried out in the laboratory for 
which water and plankton samples from the surface of the pond were 
collected from three fixed stations at monthly intervals for one year(June, 
1994 to May, 1995) between 8.00 to 9.00 am. 
Samples of water and plankton from all the three stations were mixed 
and brought to the laboratory. For analysis of each parameter, three 
replicates were taken of which the mean was calculated to represent 
monthly values. Necessary precautions as recommended by Welch (1952) 
and APHA (1989) were followed. 
A-Physical Parameters 
Air and water temperatures were recorded by a mercury thermometer 
graduated upto 100°C. Transparency was measured by using a standard 
Secchi disc having a diameter of 20 cm and divided into black and white 
quadrants. The depths at which Secchi disc disappeared and again 
appeared, as judged by naked eyes, were recorded in cm and average of 
these two values was noted as transparency value. 
B-Chemical Parameters 
Alkalinity was estimated by titrating 100 ml sample with 0.1N 
Hydrochloric acid using Phenolphthalein and Methyl orange as indicators. 
Potentia hydrogenii (pH) of the water was determined with the help of 
poratble pen type pH meter. 
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Carbon dioxide {C02) was determined by titrating 100 ml sample 
with N/44 Sodium hydroxide and using Phenolphthalein as indicator (Trivedy 
and Goel, 1984) and dissolved oxygen (D.O.) was analysed after following 
Wnkler's modified technique (APHA, 1989). 
Total phosphorus in the water sample, whether dissolved or 
particulate, was estimated after converting it to inorganic form (Phosphate) 
through digestion of the sample using Sulphuric acid-Nitric acid method 
(Trivedy and Goel, 1984). Now phosphate-phosphorus was estimated by 
Ammonium molybdate blue method using Stannous chloride as an indicator 
(Trivedy and Goel, 1984). 
Nitrate-nitrogen (N03-N) was estimated following Phenol-disulphonic 
acid method (Trivedy and Goel, 1984). 
C-Plankton Analyses 
Phytoplankton analyses were made after collecting 500 ml water 
sample (mixture from all three stations) of the pond to which 5 ml of Lugol's 
iodine solution (Edmondson, 1959) was added. After keeping it for 24 
hrs, the supernatent was discarded and 20 ml concentrate was obtained. 
Only quantitative analyses of phytoplankton were made using Whipple 
micrometer under an inverted microscope (Metzer, India). Countings were 
made in drops of concentrates (0.03 ml). The results were converted into 
units per ml of water (Welch, 1952). For colonies, like Microcystis 
(Anacystis), Merismopedia, Anabaena etc., colony counts were made. 
100 L of water was filtered through a conical plankton net made up 
of bolting silk cloth having 30 jim mesh size for zooplankton analyses 
from all the three stations. Mixed samples were preserved with 5% 
formaldehyde solution after narcotizing the delicate zooplankton 
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(particularly illoricate rotifers) by suddenly adding boiling water to the 
sample (Pennak, 1978) which leaves delicate illoricate rotifers in well 
expanded condition, thus making their identification easier. 
Quantitative analyses of total zooplankton and both quantitative and 
qualitative analyses of rotifers were made under an inverted microscope 
in Sedgewick-Rafter cell. Rotifers were identified following the works of 
Edmondson(1959), Pennak (1978), Koste (1978), Tonapi (1980), Sharma 
(1978,1979,1980, 1983) and Battish (1992). 
Total zooplanton as well as counts of various rotifer species are 
expressed as Individuals per litre. Statistical treatment to the data was 
given using the formulae given by Michael (1984) and Trivedy and Goel 
(1984). 
RESULTS AND DISCUSSION 
Wide seasonal fluctuations were noted in physico-chemistry of pond 
water. Monthly values of physico-chemical parameters of pond water are 
presented in Table-1. Distinct seasonal differences in the abundance of 
various rotifer species were also observed and recorded in Table-2. Figs. 
2-7 depict monthly variations in the values of certain physico-chemical 
and biological characteristics of the pond water whereas Fig. 8 shows 
seasonal pattern of abundance of a few rotifer species over the study 
period. 
A total of 13 species were recorded in the pond during different 
seasons belonging to 9 genera and 8 eurotatorian families out of total 59 
genera and 23 families documented so far from India (Sharma, 1992). 
Family Brachlonidae found to be forming the major fraction of the rotifer 
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taxa. Rotifer diversity was comparatively poor as against the other records 
of 68-72 species from aquatic macrophyte associated habitats, 37-40 
species from paddy-fields and 28-33 species in fish ponds (Sharma, 1987 ; 
Sharma and Sharma, 1987). 
The rotifer community during most of the year was found to be 
dominated by species of genus Brachionus confirming the observations 
of Green (1972), Chengalath ef a/. (1974), Pejier (1977), Fernando (1980) 
and Sharma (1983) who have mentioned the importance of genus 
Brachionus in tropical rotifer communities. The quantitative predominance 
and common occurrence of Brachionus species ,thus imparts a broadly 
tropical character to the fauna of the pond. 
The rotifer fauna was typified by three or at most four 
species,abundantly present at any one time. Each individual species 
exhibited appreciable numerical fluctuations, yet two marked maxima of 
rotifers were observed during the study (Table-2). First peak was observed 
in October (autumn) due to excessive presence of Brachionus angularis, 
B.calyciflorus, B. rubens and Filinia longiseta, while winter peak of the 
rotifer population in February was contributed mainly by 8. calyciflorus, 
B. bidentatus, B. rubens, Keratella tropica and Asplanchna brightwelli. 
Few species like 6. calyciflorus, B. rubens, K. tropica, Filinia terminalis, 
Hexarthra mira and Lepadella cristata were found to occur in spring. The 
most common form in summer was B. calyciflorus while B. rubens was 
codominant in May and became dominant in June. Filinia terminalis and 
F. longiseta were the other species during summer. Later in monsoon 
months (rainy season) Lepadella cristata occurred in fairly good numbers. 
Few other species occurred among plankton in relatively large numbers 
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on few occasions. Species like B. quadhdentatus, F. terminalis and H. 
mira were encountered in almost all the samples, however, they did not 
form any distinct peak. F. /o/?g/sefa was often more abundant, but was 
only intermittently present. Various investigators have designated certain 
rotifer species as monocyclic, dicyclic, polycyclic or acyclic and perennial, 
according to whether their annual population curves have one, two or 
several, or no pronounced peaks ( Pennak, 1978). However, according 
to Cowell etal. (1975), pulses in the total rotifer population are invariably 
a combined numerical effect of 5 or 6 species amongst many that may 
constitute a particular rotifer population. 
In terms of seasonal dominance (Fig. 8), B. calyciflorus was the 
most dominant species throughout the study. The second most abundant 
form was 8. angularis which is considered to be perennial in alkaline 
waters (Sladecek, 1983). However, many previous studies recorded its 
occurrence only in certain months as in April and June (George, 1966), 
April and July (Nayar, 1970),October and May (Vasisht and Sharma, 1976), 
December (Nasar, 1977), November (Mandal, 1980) and November and 
June (Sharma, 1992). In the present study, this species was found to be 
most abundant in the month of October. Successive peaks were formed 
by B. bidentatus, B. rubens, F. longiseta and A. brightwelli. All of these 
species were fairly abundant during September to February but diminished 
rapidly in spring. 8. bidentatus was found to occur throughout the study 
except in rainy season (June to August) but it was more abundant during 
winter months. 
According to Jyoti and Sehgal (1979) every species has an optimum 
COndilion resulting from combination of factors which brings about its 
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predominance in a waterbody and whenever the quantity of a factor 
exceeds the tolerance limit, the species dies off.There is enough evidence 
to show that the tolerance and optimal values of varies hydrobiological 
factors influencing population dynamics of rotifer vary considerably 
(Green, 1960; Jyoti and Sehgal, 1979; Ali et al, 1990). Calculation of 
correlation coefficients and regression analyses between the relative 
monthly changes in rotifer population density and some physico-chemical 
and biological parameters (Table-3 and Figs. 9-17) yielded that total 
rotifers are negatively correlated with temperature (r= -0.81) and positively 
correlated with pH(r=+0.90), DO (r=+0.68), phosphate-P (r=+0.59), 
nitrate-N {r=+0.58) and total zooplankton (r= +0.62) and that the values 
of correlation, coefficient are significant at 5% level of significance. A 
direct relationshship of rotifers with transparency {r=+0.36), total 
phtoplankton (r=+0.08) and negative relation of rotifers with bicarbonate 
alkalinity (r=-0.22) was found to be non-significant at 5% level of 
significance. 
Marked discontinuities were noticed in the temperature and oxygen 
profiles of the pond throughout the present study (Figs. 2 and 3). According 
to Pejier (1957), the temperature is generally not a limiting factor for 
rotifers, most of the species of which usually can withstand a wide thermal 
variation. Rotifer, as a group, has also been reported to be thermally 
facultative by other investigators (Arora, 1966; Jyoti and Sehgal, 1979). 
In the present study, B. calyciflorus, B. angularis, B.rubens, B. bidentatus 
and K. tropica occurred from autumn to summer showing a wide range of 
thermal tolerance. All these species of genus Brachionus are known to 
be eurythermal except B. bidentatus which is a warm stenotherm (Koste, 
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1978; Sharma, 1992). F. longiseta, Polyarthra vulgaris, K. tropica, and 
A. brightwelli seemed to be stenothermal type showing preference to 
low temperature. However, total rotifer population was found to be 
negatively correlated with temperature of the water (Fig. 9). Laal (1989) 
has observed a pronounced periodicity of rotifers in monsoon and winter 
than in summer. He concluded that each species has its own maxima 
governed by temperature and pH. 
Dissolved oxygen may have significant effect on the survival and 
reproduction activity of the rotifers. In this study, species like 6. calyciflorus 
B. rubens, F. terminalis, H.mira and Lecane luna. were found to be 
resistent to oxygen depletion, whereas 6. bidentatus, F. longiseta, P. 
vulgaris and K. tropica, were observed only during the periods of high 
DO content. Hofmann (1977) believed that rotifers need good oxygen 
condition for growth but Radwan (1980) suggested that the rotifers can 
live and reproduce in poor oxygen condition. Solubility of oxygen is affected 
non-linearly by temperature and increases considerably in cold water. Our 
observations also show that stenothermal species tolerate low oxygen 
contents, but total rotifers have direct relationship with DO (Fig. 10).It 
can be concluded that since DO content depends upon the temperature, 
it is actually the DO alone that influences the survival and development of 
these species as has also been reported by Arora (1966). However, it is 
only one facet of oxygen content of freshwater. The distribution of oxygen 
also strongly affects the solubility of many inorganic nutrients which resutis 
in rapid growth of many organisms capable of taking advantage of this 
altered nutrient availability (Wetzel, 1983). 
It has been suggested in the past that pH does not have any direct 
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bearing on the population of rotifers (Pejier, 1957). Haque (1991) found 
no significant relationship between pH and rotifer abundance and concluded 
that the rotifers are pH insensitive. Our observations, however, show 
positive correlation between total rotifers and pH and indicate that rotifers 
flourish well in a wide range of alkaline pH (Fig. 11). As emphasized by 
Pennak 1978, it is not meant to imply that hydrogen-ion concentration 
itself is a governing factor in ecological distribution sicne pH is a reflection 
of whole complex of physical and chemical variables, and actually the 
limiting factors may be one or more of these ecological variables. 
Bicarbonate alkalinity was not found to be directly related with the 
rotifer abundance (Table-3, Fig. 12), however alkaline waters have been 
known to be preferred by the rotifers (Haque, 1991). Occurrence of 
alkaiophilic species such as B. bidentatus, B. rubens and A. brightwelli 
almost throughout the study period and complete absence of acidophilic 
species like K. cochlearis, B. donneri, B. patulusetc. show that alkalinity 
also determines the composition of rotifers in nature. 
Free carbon-dioxide in water causes decline in the population of 
rotifers particularly in summer when temperature is high and DO content 
is depleted. High turbidity also has adverse effects on rotifers as they 
show positive ralationship with transparency of the water (Fig. 13). 
The role of nitrate-nitrogen and phosphate-phosphorus in the 
metabolism of the ponds has drawn an unprecedented attention due to 
their importance in eutrophication. Phosphorus plays a major role in 
biological metabolism and in comparison to other macronutrients required 
by biota, phosphorus is least abundant and commonly is the first element 
to limit biological productivity. In this study, a significant positive relationship 
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could be established between phosphate-phosphorus and the rotifer 
density (Fig. 14). Among nitrogenous compounds, nitrate-nitrogen is 
considered to be one of the most important limiting factor for the 
productivity. As phosphorus loading to freshwater increases and it becomes 
more productive, nitrogen becomes more important as a growth limiting 
nutrient. Results of this study show that a significant positive correlation 
did exist in the pond between nitrate-nitrogen and total rotifer counts (Fig. 
15). 
The role of food supply in the development and composition of rotifer 
population is also very significant. Availability of nonnoplanktonic food 
determines the succession of rotifers. Examiantion of rotifer squash 
revealed the importnace of coccoid algae as rotifer food. It was noteworthy 
that the rotifers seldom ate elongated algal species perhaps because of 
their large size. Rotifer abundance was found to be positively correlated 
with the total phytoplankton in the present study (Fig. 16). Rotifers, in the 
present study, were found to be major contributors to the total zooplankton 
as has been revealed by correlation and regression analyses that there is 
a positive relationship between the total zooplankton and rotifers during 
the study period (Fig. 17). 
Thus, nutrient status of any aquatic system seems to be the major 
limiting factor for the floristic composition on which survival of the inhabiting 
fauna greatly depends. However, in nature, at any specific time, no direct 
relationship can be traced between the quantity of total plankton or any 
individual species or group and the nutrient contents for the reason that 
production limiting materials are completely utiized soon after their 
introduction and, moreover, the optimal nutrient requirements vary from 
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species to species. 
It is generally recognized that the higher biota is an index of richer 
nutrients in a waterbody, (Haque, 1991) which is quite true for the 
waterbody studied in present investigation. 
Herzig (1987) has studied pianktonic rotifer populations and 
concluded that the short term species succession can partly be explained 
by physico-chemical limitations, food, competition and predation which 
influence species succession of rotifers. Other zooplankton pose stiff 
competition to the rotifers for feeding as well as reproductive niches in an 
aquatic ecosystems. In this study, however, a significantly positive 
correlation was recorded between rotifer density and total zooplankton, 
may be due to the eutrophy and excess amount of food present during the 
period of study in the pond. 
Provisional conclusion, drawn from the present study, reveals that 
rotifers respond quickly to optimal conditons and certain species like B. 
calyciflorus, B. angularis and B. rubens also show resistance to adverse 
ecological conditons. However most of these factors controlling rotifer 
populations need more investigations for the better understanding of rotifer 
population ecology particularly in relation to pollution. 
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Fig. 9 Relationship between total rotifers and surface water temperature 
of the pond. 
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CHAPTER THREE 
C Y C L O M O R P K O S I S - A R E V I E W 
Chapter deals with an interesting problem of cyclomorphosis in 
zooplankton particuiariy among rotifers. Nature, causes and adaptive value of 
cyclomorphosis are discussed. 
CHAPTER 3 
Cyclomorphosis or seasonal polymorphism, the occurrence of cy-
clic seasonal changes in morphology of certain plankton is most puz-
zling though fascinating subject in the field of hydrobiology. The phe-
nomenon is particularly confined to inland waters and provides a 
limnological problem of great interest. Seasonal polymorphism in cer-
tain zooplankton was first referred to as 'cyclomorphosis' (Gk. Kyklos, 
circle; morphosis, form i.e. a cycle of changes in form) by Lauterborn as 
early as in 1904 and now the term has been widely applied to the cyclic 
morphological changes that supposedly occur with strict seasonality 
among plankton. Seasonal changes in morphology within population, in-
volve alteration of different morphs in time. Forms with external 
protuberances e.g. helmets, crests, peaks of the heads, humps or spikes 
of the carapace and spines etc., usually alternate with forms lacking 
these exuberances. The morphs share basically the same ecological 
niche, look identical in all but a few morphological characteristics, have 
same behaviour patterns and feed on the same kinds of food material. 
These seasonal variations are so striking that various forms of the same 
species can certainly be supposed to represent different species in con-
fusion. But the main diffuculty here is fundamental taxonomic problem, 
since a single water body may contain various more or less isolated and 
morphologically slightly different populations with maxima at different 
seasons. Subsequently, the replacement of one population by another 
may well give rise to the appearance of true cyclomorphosis. 
Variations in body form among the zooplankton seem to be restricted 
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to the female sex only, which reproduce, during most of the year, by par-
thenogenesis. Moreover, morphological changes appear in the passage 
of one generation into one or more succeeding generations and not by 
the simple growth changes within a single generation. 
The evolution of zooplankton polymorphism has long held the at-
tention of ecologists and, since the turn of the century, cyclomorphosis 
of plankton population has been documented in dinoflagellates, rotifers, 
cladocerans and copepods. In the limnetic zooplankton, cladocera and 
rotifera tend to exhibit substantial morphological variations. The descrip-
tions of these variations and the discussions of their background have 
led to a voluminous literature, a considerable part of which deals with 
the species of cladoceran, Daphnia and rotifer genera, Brachionus and 
Keratella. Daday (1885-1888) was apparently the first to appreciate the 
variations found in plankton. Later, Zacharias (1894) and Wesenberg-
Lund (1900, 1904, 1930) published reports on cyclomorphosis. The de-
tailed resume of Hutchinson (1967) also provides a comprehensive treat-
ment to this subject. Later Ostwald (1904), Kratzschmar (1908, 1931), 
Woltereck(1909, 1913), Coker and Addlestone (1938), Hartmann (1915, 
1920), Carlin (1943), Brooks (1946, 1947) and Hrbacek (1956) have 
carried out valuable investigations and published classical literature on 
the cyclomorphosis in different plankton organisms. 
CYCLOMORPHOSIS IN ROTIFERA 
Morphological changes in time among rotifers principally include 
an increase in the length of existing spines and/or production of extra 
spine in loricate rotifers whereas non-loricate rotifers show variation in 
the body length and some times grow humps or wing like processes on 
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their bodies. A repository of literature exists on tine pheonomenon of 
cyclomorphosis in rotifers, mostly from temperate regions than the tropi-
cal and sub-tropical waters. Most of the early workers have published 
their findings based on the field studies, however, a few species of 
cyclomorphic rotifers have been cultured and studied under controlled 
laboratory conditions using both natural and synthetic media and, as a 
result, cyclomorphosis in a number of rotifers has now been analysed 
and discussed in detail. 
The pioneer workers on cyclomorphosis among rotifers are 
Lauterborn (1898, 1900, 1904), Kratzschmar (1908, 1931), Ruttner-
Kolisko (1949), Buchner, etal. (1957), Green (1960, 1977, 1980), Nayar 
(1965), Arora( 1966), Gilbert (1967, 1980), Halbach (1970), Pejler(1977, 
1980), Hofmann (1980), Saksena and Sharma (1981, 1986) and 
Stemberger and Gilbert (1987). 
Phenotypic plasticity or cyclomorphosis is remarkable among the 
members of the family Brachionidae, specially in two genera, Brachionus 
and Keratella. (Hutchinson, 1967; Koste 1978; Green 1980; Stemberger 
and Gilbert, 1987; Saksena and Kulkarni, 1986) and genus Asplanchna 
of family Asplanchnidae. 
Cyclomorphosis of rotifers can be grouped in four categories on 
the basis of its manifestation in different species. 
A - Reduction in size with disproportionate reduction of spine length, 
for example in Keratella cochlearis, as described by Lauterborn (1900, 
1904), the lorica has a long posterior spine during the cold months fol-
lowed by a gradual reduction in length until late summer when there is a 
very short or no spine. Carlin (1943) has described two forms of K. 
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quadrata, a large winter form {f. frenzeli) which is succeeded by progres-
sively reduced summer form K. quadrata (f. divergens). Dieffenbach and 
Sachse (1911) have also observed variation in size of Brachlonus 
angularis. 
B - Production of postero-lateral spines has been observed among 
the species of genus Brachionus. Kofoid (1908) and Wesenberg-Lund 
(1930) have described that a typical form of S. calyciflorus, lacking any 
postero - lateral spine is succeeded by forms with varying degree of spine 
development. Same kind of variation has also been observed in B. 
quadridentatus (Kofoid, 1908; Saksena and Kulkarni, 1986), B. caudatus 
(Hutchinson, 1967), K. tropica (Green, 1980) and K. testudo (Stemberger 
and Gilbert, 1987). 
C- Elongation of body occurs in Asplanchna periodonta, the mid-
summer form which is reported to be many times longer than wide in 
comparison to its spherical morphology in late spring (Huber, 1906; 
Wetzel, 1983). 
D- Enlargement of body has been observed in Asplanchna sieboldi, 
where three forms have been reported, the typical or saccate form as 
f.saccate, the humped form known as f. abbesborni (Powers, 1912) and 
the third form referred to as f. campanulate (Wesenberg-Lund, 1930). 
CAUSES OF CYCLOMORPHOSIS 
The proximal causes inducing cyclomorphosis are generally not well 
understood. Strong and yet not completely understood relationships with 
environmental traits, either abiotic or biological, determine the phenotypic 
expression in rotifers (Marinone, 1995) as well as in cladocera. Regard-
ing the factors initiating and influencing the phenotypic variations among 
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zooplankton in general, various diverse views have been presented but 
until now no single universal cause for this peculiar phenomenon has 
been found applicable far all the zooplankton or a particular group of 
plankton. The appearance of exuberant phenotypes in nature generally 
coincides with certain environmental factors such as temperature, 
turbulance and food availability or has been associated with a soluble 
factor released by a single dominant species of predator (Gilbert, 1967; 
Dodson, 1974). Some of the causes described by different limnologists 
are reviewed here. 
Endogenous Factors 
Kratzschmar (1908, 1931) proclaimed the endogenous factors to 
be decisive for the form variation. He tried several factors like different 
temperatures, light intensities, amount of food, concentration of chlo-
ride etc. on the species of Keratella quadrata which according to him 
did not influence the morphological variations, therefore, he concluded 
that only the endogenous factors are responsible for the seasonal vari-
ations. Hartmann (1920) and Sudzuki (1964) also shared Kratzschmar's 
view, but Hartmann (opp. cited) suggested that the external factors may 
modify the extent of variation. Dieffenbach and Sachse (1911) have found 
results contrary to the endogenous control theory. Later, Ruttner-Kolisko 
(1949), Buchner and Mulzer (1961), Rauh (1963) and Halbach (1970) 
presented clear evidences against endogenous control of seasonal vari-
ations. Now this theory has been rejected, however, this does not mean 
that such "factors have never been considered at work. 
Temperature 
Seasonal morphological variations have more often been corre-
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lated with temperature variations. Presence of exuberant forms have been 
found to be directly correlated with low temperature, while the typical, 
simple forms to high temperature among various plankton species. 
Lauterborn (1900 , 1904); Carlin (1943); Buchner et al. (1957); Gilbert 
(1967 ) and Lindstorm and Pejier (1975) have shown the temperature 
influence on the occurrence of form variation in rotifers. Ostwald (1904) 
working on a cladoceran, Daphnia cucullata and Coker and Addlestone 
(1938) on D. longispina suggested that temperature play very important 
role in cyclomorphosis. Jocobs (1961) stated that a clear positive corre-
lation occurs between temperature and the degree of relative head length 
of Daphnia galeata mandotae, both in neonates and postnatal stages. 
He also demostrated that temperature exposure during the second half 
of embryonic development influences relative head-length of neonates. 
The exceptions to deny such temperature influence are also available. 
Gallagher (1957) in K. cochlearis and Buchner and Mulzer (1961) in K. 
quadrata have found variations which were not following the regular 
pattern with changes in the temperature. Carlin (1943) reported long 
spined forms in K. cochlearis, K. quadrata and Kellicottia longispina dur-
ing April and May when temperature was increasing. Kofoid (1098), 
Wesenberg-Lund (1930) and Sudzuki (1964) have also noted postero-
lateral spine production in B. calyciflorus during warm months. Brooks 
(1946) found no direct correlation between temperature and rate of rela-
tive head growth in Daphnia retrocurva and denied any direct influence 
of temperature on postnatal growth, though Grant and Bayly (1981) 
thought that temperature did have a secondary effect on crest size in D. 
carinata. Coker (1933) and Brooks (1946) pointed out the presence of 
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unknown lake factors which is absent in cultures and reported a joint 
function of temperature and unknown factor which might depend upon 
temperature threshold but Gilbert and Waage (1967) have concluded 
after their field study that temparature apparently has no significant ef-
fect in spine development in B.calyciflorus. Studies on the 
cyclomorphosis in tropical waters also favour the view that temperature 
alone can not be considered responsible for form variations among 
zooplankton (Green 1960, 1977, 1980; Nayar, 1965; Arora, 1966; Pejier, 
1980) 
Nutrition or Food 
Rauh (1960) and Halbach (1970) have reported temperature and 
food as factors responsible for cyclomorphosis as low temperature and 
low food material brought about slow development of lorica, and, as a 
result of it, spine length increased considerably as compared to main 
body in rotifers. Schneider (1937), Buchner ef a/. (1957) and Rauh (1963) 
concluded that the postero-lateral spine production in rotifers is 
stiumulated by low dietary intake. Pejier (1962.) also found a strong cor-
relation between trophic degree and spine length of Keratella cochlearis. 
According to Mitchell (1913), variation in Asplanchna sieboldi is prima-
rily due to the nature of food. Hebert (1978b) also correlated food avail-
ability and crest size in Daphnia. However, according to Jocobs (1961) 
nutrition is only a secondary determinant. Grant and Bayly (1981) have 
shown that well fed population of D. carinata with large clutch size did 
not develop crests. 
Other Abiotic Factors 
Role of abiotic factors other than temperature is also suggested 
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by many workers in connection with seasonal variations in morphology 
of plankton. Turbulance as a cause for cyclomorphosis was presented 
by Brooks (1947), Hrbacek (1959) and Jacobs (1961). Ruttner-Kolisko 
(1972) found influence of turbulance on the occurrence of hispida form 
of Keratella cochlearis. But Hebert (1978a) on Daphnia carinata 
(cephalata), concluded that there was some indirect evidence for a nega-
tive correlation between turbulance and head size. 
Possible effects of calcium content on morphology was suggested 
by Edmondson (1948) while Green (1960) connected the phenomenon 
with floods in tropical lakes. Berzins (1958), in Kellicottia longispina, and 
Hillbricht-llkowska (1972), in Keratella cochlearis, have observed verti-
cal stratification as the influence for the form variation. In both the cases 
short spined forms were found abundant in superficial layer of water. 
Saksena and Sharma (1981, 1986) in their studies on Brachionus 
calyciflorus and Keratella tropica have observed a positive correlation 
between phosphates, nitrates and other minerals and the phenomnon of 
form variation. 
Biotic Factors 
Populations of some freshwater zooplankton undergo morphologi-
cal changes in response to water-soluble chemicals released by their 
predators (Pourriot, 1964; Gilbert, 1967; Grant and Bayly, 1981; Gilbert 
and Stemberger, 1984; Havel, 1985. This type of cyclomorphosis has 
also been referred to as chemomorphosis (Herbert and Grewe, 1985). In 
some rotifers the form variation is understood to be a response to inver-
tebrate predation. Beauchamp (1952a, b) saw that when the rotifer, B. 
calyciflorus, is maintained in the same vessel with large predatory rotifer, 
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Asplanchna brightwelli, it soon produces offsprings with long protective 
postero-lateral spines. Further, laboratory studies of Gilbert (1966, 1967) 
suggest that predator, Asplanchna, contains and releases a moderately 
heat-labile, apparently proteinaceous substance in the water which in-
duces the parthenogenetic eggs of amictic females without postero-lat-
eral spines to develop into young with long pastero-lateral spines. A field 
investigation by Gilbert and Waage (1967) also strengthens the view that 
spine lengths varied directly with both the density of Asplanchna and 
threshold quantities o1 Asplanchna released metabolite. Same relation-
ship between Asplanchna brightwelli and morphological variation of 
Brachionus bidentatus has been reported by Pourriot (1974).The records 
of Kofoid (1908), Dieffenbach and Sachse (1911) and Wsenberg-Lund 
(1930) contain best evidences for such a relation. This relationship be-
tween two rotifers was subjected to further laboratory investigations 
(Gilbert, 1966, 1970; Stemperger and Gilbert, 1987) and it was sug-
gested that a substance released by predatory Asplanchna induces 
postero-lateral spine production in B.clayciflorus. Now it is an established 
fact that populations of some freshwater parthenogenetic zooplankton 
undergo morphological changes in response to water soluble chemicals 
released by their predators (Pourriot, 1964; Gilbert, 1967; Krueger and 
Dodson, 1981; Havel, 1985 and Stemebger and Gilbert, 1984 ). The 
chemicals direct the parthenogenetic eggs of these species to develop 
into individuals having longer, usually additional spines. Green (1980) 
reported, though in indirect way, that variation in Keratella tropica may 
be associated with the presence of diaptomid copepod. Rotifer, K. 
cochlearis developed a posterior spine in filtrates of media cotnaining 
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either Asplanchna or cyclopoid copepod, and perhaps, this is the first 
example of a metazoan polymorphism induced by members of different 
phyla (Stemberger and Gilbert, 1984). Later, it was shown that filtrates 
of cultures of 10 common freshwater zooplankton species induced pos-
terior spines in the rotifer, K. testudo (Stemberger and Gilbert, 1987). 
Although, induced antipredator morphologies in aquatic organisms were 
first recognized in rotifers but since then such defences have been found 
in a wide range of prey organisms (Grant and Bayly, 1981; Krueger and 
bodson, 1981; Havel, 1987). As in rotifers, cyclomorphosis in cladocerans 
may easily be described as a response to predation. Zaret (1972, a, b) 
has suggested relationship between cyclomorphic changes and preda-
tion by showing that exurberant morphs of Ceriodaphnia cornuta were 
preyed upon less oftern by the fish predators, Melaniris chagreci. Ex-
periments conducted by Krueger and Dodson (1981) also suggested a 
water soluble factor released into the environment by the predator, 
Chaoborus larvae, that causes embryo of the Daphina pulex to develop 
into cyclomorphic form D. minnehaha. Grant and Bayly (1981) claimed 
predation as the most potent influence inducing crest development in 
morphs of Daphnia carinata. A number of studies and published work 
confirm the predator induced cyclomorphosis in zooplankton i.e. Kerfoot 
(1977) on Bosmina; 0' Brien and Vinyard (1978) on Daphnia carinata; 
Mort, (1984) on D. galiata mandotae; Hanazato (1991) on D. ambigua 
and Black (1993) on D. pulex. Investigators demostrated that inverte-
brate predators like Anisops sp. (Notonectideae-Hemiptera), Notonecta 
sp. (Notonectideae- Hemiptera) and larvae of certain species of 
Chaoborus (Chaoborideae-Diptera) release water soluble substances 
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in water that induce cyclomorphic chagnes in prey morphology {Dodson 
1974; Krueger and Dodson, 1981). Despite of this, according to Broncelj 
et al. (1996), chemicals released by invertebrate predators are not the 
only cause of spine formation. Hanazato (1991) has also informed that 
structural defence responses, including spine formation, may occur at 
low frequencies, even in the absence of predators. 
In an interesting laboratory study, filtrates of culture media of some 
common freshwater zooplankton, like Asplachna spp., some cladocerans, 
cyclopoid and calanoid copepods, found to induce posterior spines in a 
rotifer, Keratella testudo (Stemberger and Gilbert, 1987). Previously, 
Appearance of exuberant morphs has been associated with chemicals 
released by certain specific predators only (above cited). Consequently, 
less dominant predators and competitors have been ignored. There-
fore, Stemberger and Gilbert (1987) suggested that zooplankton, other 
than predators, which act as competitors, can also be regarded as im-
portant selective force for the evolution of competitor induced phenotypic 
changes in certain rotifers. 
ADAPTIVE SIGNIFICANCE OF CYCLOMORPHOSIS 
Many views have been presented regarding the possible adaptive 
significance of cyclomorphosis among the zooplankton but not a single 
one can be applied to all the groups or to all the species of a group of 
plankton. 
Wesenberg- Lund (1908) proposed a theory that the crest devel-
opment in Daphnia functions to lessen sinking rate in less dense or 
less viscous water during summer months. Thus, morphological varia-
tions have been supposed to be an adaptation to the low viscosity and 
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decreased buoyancy of water at higher temperature in summer. But, in 
contrast to the usual pattern of cyclomorphosis, Keratella cochlearis has 
its large spine in the winter or early summer which can not be fit into this 
theory. According to Jacobs (1967), exurberant forms of Daphnia sink 
faster than the typical forms. Furhermore, the zooplankton species which 
live on or near the bottom among aquatic weeds also show cyclomorphic 
changes in their morphology (Jocobs, 1961). Green (1960) also concluded 
that cyclomorphosis in some tropical rotifers is not related to tempera-
ture which in turn related to bouyancy. Due to the abvoe reasons the 
hypothesis has been rejected. 
Woltereck (190^1913) has presented theroies of balancer, stabi-
lizer and rudder function of exuberances, but all these theories are con-
troversial and do not satisfy, therefore, have not been accepted. 
In another view, companulate form of Asplanchna seiboldi has been 
supposed to cope with large sized food and to avoid cannibalism in dense 
population (Powers, 1912). Nilsson and Pejier (1973) thought that a large 
body can be an advantage in poor food conditions. Far example, large 
species and forms usually occur in oligotrophic water. In winter, water 
bodies usually become oligotrophic and, therefore, winter forms become 
larger. But, as in the case of Brachionus calyciflorus and some other 
tropical rotifers, exuberant forms have also been reproted in summer 
which can not be explained under this view. 
Now all the hypotheses regarding the adaptive and functional sig-
nificance of cyclomorphosis have given way to the best supported, most 
generalized and most widely accepted hypothesis, given by Brooks (1965) 
and modified by Dodson (1974), which identified size selective preda-
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tion by temporally abundant predators as the selective cause of 
cyclomorphosis. 
The modified hypothesis put forward by Dodson (1974) on "adap-
tive changes in plankton morphology in response to size selective pre-
dation", claims that change in plankton morphology is largely a response 
to predation by invertebrates, vertebrates or both. Prey population may 
reduce their mortalities when predators are abundant by a sort of antilock 
and key change in their morphology, that foils a tactile mode of feeding. 
Dodson (1974) suggested that organisms too small like rotifers are 
cyclomorphic in responce to inverterbrate predation alone, and their core 
body size does not decrease as spines or horns elongate and the organ-
isms can probably escape predation successfully. The hypothesis has 
been largely accepted and demonstrated in a number of zooplankton 
organisms as previous studies suggest that the selection of prey is influ-
enced by its morphological and behavioural features. Morphological fea-
tures such as shape, size, presence of spines and helmets, make 
cladocerans, such as Daphina, Bosmina or Cerlodaptinia, difficult to 
handle and eat for copepod predators (Li and Li, 1979; 0 ' Brien et at., 
1979; Dodson, 1984; Williamson, 1984; Mort, 1986; Kerfoot, 1987). 0 ' 
Brien and Vinyard (1981) have shown that crested individuals of D. 
carinata were better able to avoid predation by notonectids as compared 
to uncrested ones. Kerfoot (1977) and 0 ' Brien and Schmidt (1979) dem-
onstrated that exuberant structures of Bosmina reduce predation risk by 
copepods. Dodson's hypothesis has also been confirmed by other work-
ers on certain other cladocerans (Havel, 1985; Pijanowska and Tundisi, 
1980; Black, 1993). 
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As far as rotifers are concerned, it lias been suggested tliat a pair 
of postero-lateral spines developed in prey rotifer.S. calyciflorus, induced 
by a substance released by predatory rotifer, Asplanchna (De 
Beauchamp, 1952; Gilbert 1967; Halbach, 1969 a, b, 1970b) prevents 
the potential prey from being swallowed by the predator. Gilbert (1980) 
has reported that postero-lateral spines in Brachionus calyciflorus sig-
nificantly decreases predation by Asplanchna gf/roc//which captured about 
25% of newly hatched, spineless Brachionus but was unable to capture 
newly hatched, long spined individuals. Adults of A. seiboldi can cap-
ture nearly 100% of spineless adults of S. calyciflorus as compared to 
only 78% of long spined adult forms. The usual morphotypes of the spe-
cies of valga group are known to possess caudal spines which act as 
effective deterrents against invertebrate predators or mechanical inter-
ference competitors, as has been described in K. tropica (Marinone and 
Zagarese, 1991, Zagarese and Marinone, 1992) and K. slacki (Gilbert 
and Stemberger, 1984). 
In cyclomorphic cladocera, Hebert (1978b) suggested that large 
crests serve two functions by allowing the development of large antennal 
muscles, they confer better swimming ability in warm, less viscous wa-
ter, and they provide an increased surface area for oxygen transfer. He 
rejected the predator avoidance theory. However, he later reported that 
crested morphs of D. middendorffiana are less susceptible to copepod 
predation (Hebert and Loaring, 1980). Stemberger and Gilbert (1987) 
have also noticed that spined individuals of Keratella testudo were more 
protected than unspined ones against injuries by mechanical interfer-
ence by Daphnia. 
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Besides advantages, cyclomorphosis is supposed to have certain 
disadvantages too. Dodson (1974) predicted that the energy involved in 
the crest development is a disadvantage. Jacobs (1967) has already re-
ported that energy contained in a high helmetted and long tail spined D. 
galeata mandotae is worth about a seventh of resting egg. According to 
Grant and Bayly (1981), adults growing crests, produced fewer eggs sug-
gesting either, that crest development requires more energy or that crest 
growth inhibits reproduction in some way. 0' Brien and Vinyard (1978) 
also found a lower rate of population growth in cyclomorphic forms than 
in the typical forms. 
GENETIC COMPONENT OF CYCLOMORPHOSIS 
Cyclomorphosis in zooplankton has been ascribed only to phenotypic 
plasticity, but there may also be inherited diversities in the capacity of 
different races of same species to react to the environmental factors. 
Moreover, possibility of coexistence of differnt races of species cannot 
be ruled out in some cases, where cyclomorphic forms may turn out to 
have no genetic connection. It is also very important to know that some 
cyclomorphic species are in reality, composed of many genetically dif-
ferentiated species (Hebert, 1978a, b; Black 1980; Kerfoot, 1980). A 
number of these species often occur in the same community, and sea-
sonal changes in their relative frequencies can cause polymorphic cylce 
that mimic true cyclomorphosis (Wetzel, 1983). Serra and Miracle (1983) 
described geographical distribution and cyclomirphosis in Brachionus 
plicatilis from Spanish lagoons and observed that morphological varia-
tions among B. plicatilis clones had an important genetic component. Later, 
from isoenzymatic studies (Serra and Miracle, 1985; Snell and Winkler. 
1985) it seemed likely that an important part of this variation could be 
attributed to genotype differences among po[pulations of B. plicatilis. 
Jacobs (1961), Halbach and Jacobs (1971) and Kerfoot (1975) have 
also suggested that genetic change is an important component of 
cyclomorphosis. While explaining the phenomenon of cyclomorphosis, 
Kerfoot (1980) has described three possible mechanisms underlying 
cyclomorphosis: phenotypic plasticity within a genotype, clonal replace-
ment and succession of sibling species. However, laboratory studies of 
Brooks (1947), Gilbert (1966, 1967) and Kerfoot (1975) have cumula-
tively shown that cyclomorphosis in certain zooplankton includes the pro-
duction of different phenotypes by the same genotype in seasonally dis-
tinct environments. A few studies on cyclomorphic species of Daphnia 
have included genetic analysis, which support the idea that changes occur 
via phenotypic plasticity (Wolf and Mort, 1986). Furthermore, after per-
forming genetic analysis of certain polymorphic rotifers. King (1977) also 
concluded that seasonal form variations are largely, but not entirely, 
nongenetic in origin. 
From the above review and examples of the subject it is obvious 
that the cyclomorphosis is a very complex phenomenon. The diversity of 
quantity and quality of cyclomorphic characters among zooplankton, 
having quite different biological charateristics make it more fascinating. 
Extensive research work and a series of classical as well as modern 
publications from temperate regions have documented a much clear pic-
ture of cyclomorphosis in temperate zooplankton. But this phenomenon 
is less studied in tropical and sub-tropical regions. It was believed that 
in these regions cyclomorphosis is either weak or does not occur, ex-
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cept where there are large temperature fluctuations between winter and 
summer (Zago, 1976; Mitchell, 1978) though, many cases of 
cyclomorphosis in tropical and sub-tropical zooplankton have been re-
ported e.g. cladocerans like Daphnia carinata of India (O'Brien and 
Vinyard, 1978; Venkataraman and Krishnaswamy, 1986), D. 9ibba and 
D. barbata of Africa (Wagler, 1936) and certain rotifers like Brachionus 
clayciflorus, Keratella tropica, Platiyas patulus and Brachionus 
quadridentatus of India (Nayar 1965; Arora, 1966; Saksena, 1984; 
Sharma and Saksena, 1984; and Saksena and Sharma, 1986) and K. 
tropica of Africa (Green, 1980). 
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CHAPTER FOUR 
C Y C L O M O R P H O S I S OF C E R T A I N 
R O T I F E R S : : : T H E F I E L D 
Chapter cwnbodies observations on cyclomorphosis of three rotifer 
species, Brachionus bidentatus, B. calyciflorus and Karatella tropica col-
lected from a tropical pond. Causes and adaptive significance of the phe-
nomenon are critically discussed with particular reference to temperature 
and predation. 
CHAPTER 4 
INTRODUCTION 
The information on cyclomorphosis in Indian rotifers is scanty and is 
restricted to a few species only. This subject of form variations in Indian 
loricate rotifers has been reviewed by Saksena (1984). Five loricate rotifer 
species from Indian waters viz. Brachionus calyciflorus, B. quadridentatus, 
Keratella tropica, K. valga and Platyias patulus have been reported to 
manifest the phenomenon of morphological form variations (Nayar, 1965; 
Arora,1966; Sharma and Saksena, 1984; Saksena and Sharma, 1981, 
1986). 
From literature survey it is quite clear that there has never been 
made a detailed investigation or satisfactory discussion on this peculiar 
phenomenon from Indian waters, and almost no laboratory work of high 
interest has been done so far. According to Edmondson and Litt (1989) 
the study of cyclomorphosis or chemomorphosis should have two compo-
nents, first, a field study to identify lakes with different tactile predators, 
and then should do laboratory experiments. 
Therefore, the purpose of the present study is to provide data from 
tropical waters which may contribute to atleast a partial understanding of 
the nature of these variations and conditions under which they occur. Fur-
thermore, the present study will directly address the subject of cyclic 
phenotypic variation of B. calyciflorus by combining both field and labora-
tory studies to examine the selective force that maintains a stable 
polymorphism, besides knowing the mechanism and adaptive significance 
of this phenomenon among rotifers in general. Results of field study are 
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discussed in this chapters whereas the laboratory study on cyclomorphosis 
has been dealt in chapters 5. 
To have a general idea of cyclomorphic plankton organism of Aligarh 
freshwaters, monitoring of the zooplankton was carried out in a pond 
namely Lai Diggi. After preliminary study it was found that no cladoceran 
species show cyclomorphosis in this region. Only one species of genus 
Daphnia, D. carinata, was recorded, of which only typical form was no-
ticed during winter months, the other cyclomorphic form of the species 
referred to as f. cephalata was never recorded during the present study. 
Other cyclomorphic cladoceran species like those of genus Ceriodaphnia 
were also represented by typical form only. While species of Bosmina 
were never encountered during entire period of study which are known to 
manifest cyclomorphosis. 
Interestingly, marked cyclomorphic changes were observed among 
the species of rotifer genera, Brachionus and Keratella. Three species 
of rotifers, i.e. B. calyciflorus, B. bidentatus and K. tropica were studied 
in detail for this purpose. Out of the three species, B. calyciflorus was 
cultured in the laboratory and clones from these cultures served as ex-
perimental organisms for laboratory experiments. 
B. bidentatus was found to be very difficult to culture because final 
death of the rotifers in culture vessels was observed within 3-5 days of 
inoculation. The reasons for that may include inadequate food or culture 
conditions as each and every species of rotifers is known to be highly 
selective in its feeding habits (Pourriot, 1980) and specific to the environ-
mental variables. 
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METHODS FOR FIELD STUDY 
The detailed methodology for the field survey adopted for this study 
is elaborated in Chapter 2. Preserved rotifers were measured, sketched 
and photographed after their identification as under-
Measurements of Rotifers 
Measurements of whole specimens as well as different regions and 
parts were recorded with the help of an ocular micrometer fitted in an 
inverted microscope and caliberated by stage micrometer. All measure-
ments are expressed in microns (|a) . Minimum 10 individuals from each 
sample were measured for length and width of lorica and length of spines 
as depicted in Fig.18. 
Statistical Calculations 
Mean standard error, standard deviation, coefficient of variation and 
95% confidence limits were calculated for each measurements to have a 
clear idea of consistancy or variability of the data by applying the follow-
ing formulae. 
Ex 
(i) Mean (\i) = ; where 
N 
X = Sum of all measurements, and 
N = Total number of observations 
S d2 (ii) Standard Deviation (SD) = ; where 
N 
d = Deviations from the mean. 
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SD 
(iii) Standard error (SE) = 
N- 1 
(iv) Coefficient of Variation (CV) = -^^^ x 100 
Mean 
(V) 95% confidence Limits (±) = SE x 'f at N - 1df. 
Camera Lucida Sketches and Microphotographs 
Sketches were drawn using camera-lucida by tracing over tlie im-
ages on the paper, reflected from the camera-lucida with the help of a 
sharp pencil. From the original paper with sketches, the fair sketches 
were drawn by tracing technique. 
Specimens were photographed at 100 x magnifications by Cosina 
camera fitted in an inverted mircroscope on Nova black and white film. 
OBSERVATIONS 
Three brachionid rotifer species belonging to two genera Brachionus 
(6. bidentatus and B. calyciflorus) and Keratella (K. tropica) were found 
to be showing cyclomorphosis in the present study. 
Description of Genus Brachionus Pallas 1776; Noteus Ehrenburg, 
1832; Schizocerca Daday 1883 
Heavily loricate forms; Lorica broad and covers the trunk completely; 
may be one piece when it continues around the body or two pieces, united 
through flexible cuticle; dorsal piece (= plate) arched, ornamented in some; 
whereas ventral piece relatively flat; lorica in some species stippled, 
40 
antero-dorsal edge always with even number of spines, antero-ventral 
edge (= mental edge) rigid or flexible but may be wavy or smooth with 'V 
or 'U' shaped notch; postero-lateral spines present or absent depending 
upon the species and may seasonally appear or disappear even in the 
same species; postero-median spines mostly present and flank the foot, 
anterior portion of the body projects from lorica in the form of coronal 
disc which bears a circlet of cilia and three prominences covered with 
cilia of larger size; foot slender, annulated, with two toes without spur or 
spine, highly contractile and projects from the postero-ventral edge of 
lorica, imparting a sub-square aperture in dorsal plate and a large usually 
oval aperture in the ventral plate; foot sheath seldom present; single 
germovitellarium, trophi malleate. 
Brachionus is by far the best known genus from India. A cosmopoli-
tan genus, it embraces 19 species with more than 14 subspecies in this 
county. In the literature, these have been variously termed varieties, forms, 
types etc. A number of species belonging to this genus have been eluci-
dated for the cyclic morphological changes. More culture experiments, 
however, have been performed. Although, in view of the numbers of spe-
cies included, there is a dearth of long well- illustrated serias of field 
observations (Hutchinson, 1967). 
The species 
6. bidentatus Anderson, 1889 (Fig. 18 a-b) 
Lorica firm, stippled, with definite pattern of plaques, divided into 
dorsal, ventral and basal plates; dorsal and ventral plates are soldered 
together for three-fifth length of lorica, where they diverge and are united 
to a third plate, the basal plate; dorsal margin with six spines; lateral 
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always longer than medians which in turn longer than intermediates ; ven-
tral marign flexible, elevated in the middle; posterior spines vary in length 
and position of origin but may be absent, foot opening with foot sheath. 
The place of origin of postero-lateral spines differs in different individu-
als. 
Two persistent characters are: presence of a spinule on the inner 
side of the antero-lateral spine (viewed form dorsal side) .and a well-
defined sculpture on the dorsal plate. 
This species of genus Brachionus is widely distributed in alkaline 
waters of both temperate and tropical regions. 6. bidentatus is very much 
identical with that of B. quadridentatus in appearance. However, there 
are some striking features like the presence of splnules at the inner sides 
of lateral occipital spines and comparatively less breadth at posterior re-
gion of lorica differentiating it from the later species. Forms of this spe-
cies show variation in the relative size of occipital and postero-lateral 
spines. 
Various forms of Brachionus bidentatus Anderson 
In the present study, following four morphologically different 
cyclomorphic forms of 8. bidentatus have been recognized. The 
morphometric data of each of the form have been presented in Table -4. 
1. Brachionus bidentatus f. adorna Wulfert, 1896 (Plate - 1 A) 
This form Is characterized by slightly longer intermediate antero-dor-
sal (occipital) spines and small intermediate antero-dorsal spines while 
lateral antero-dorsal spines are of medium length and curved outwardly. 
Lorica is broad. Postero lateral spines are absent and the posterior cor-
ners of lorica are rounded (Fig 19a). This form was found abundant in the 
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months of October and November, 1994, but a few specimens were also 
noticed during December, 1994. 
2. B. bidentatus f. intermedia nov. (Plate - IB) 
In this form median occipital spines are larger than lateral occipital 
spines which in turn are longer than intermediate occipital spines. The 
form is recognized by the presence of moderately developed postero-
lateral spines at the posterior corner (Fig. 19 b). The form occurred in 
abundance during the months of November and December, 1994. Few 
specimens were also found in the samples of January,1995. 
3. B. bidentatus f. monospina nov. (Plate -1C) 
This form is almost similar to the preceeding one in morphological 
characters except the presence of only right postero-lateral spine of mod-
erate length. Left postero-lateral spine is absent (Fig. 19 c). This form 
was observed in the month of January, 1995. 
4. B. bidentatus f. testudinarius Jakusbski, 1912 (Plate - ID) 
This form is characterized by the presence of well developed me-
dian occipital spines which are longer than lateral occipital spines. Postero-
lateral spines are very well developed alongwith fairly developed poste-
rior spines (Fig. 19 d). This form was found in the collections of February 
and in March, 1995 alongwith short postero-lateral spined individuals. 
5. calyciflorus Pallas, 1776 (Fig. 18 c) 
Lorica flexible, oval, smooth or slightly stippled, not separated into 
dorsal and ventral plates, body slightly compressed dorso-ventrally, 
antero-dorsal margin with four broad based spines of variable length, me-
dians usually longer than laterals, ventral margin flexible, usually some-
what elevated, with shallow V- or U- shaped notch. 
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Brachionus calyciflorus Pallas, is a very common ploimate rotifer 
occuring in nutrient rick alkaline waters throughout the world. 
Various forms of Brachionus calycilorus Pallas 
Seven distinct morphological forms of S. calyciflorus have been en-
countered in the pond during present study. All the forms were identified 
following the works of Ahlstrom (1940), Hutchinson (1967) and Sharma 
and Saksena (1984) . Morphometric records of various forms are com-
puted in Table - 5 , and characteristic features of these forms are given 
below. 
1. Brachionus calyciflorus f. calyciflorus (Plate 2 A) 
This form is also referred to as typical form and characterized by 
the absence of any postero-lateral spines. However, short posterior spines 
are present. Antero-median spines are little longer than antero-lateral 
spines (Fig. 20 a). The form encountered in the zooplankton collections of 
November, 1994. 
2. B. calyciflorus f. dorcas (Plate 2 B) 
In this form, the antero-median spines are longer than those of the 
antero-lateral spines while postero-lateral and posterior spines are ab-
sent (Fig. 20 b). This form was also present during November. 
3. B. calyciflorus f. spinosus (Plate 2 C) 
This form has short postero-lateral spines with the presence of pos-
terior spines and known to be a corresponding form towards f. amphiceros 
(Fig. 20 c) and was observed to occur during most of the time i.e. from 
December, 1994 to March, 1995 in varying density. 
4. B. calyciflorus f. amphiceros (Plate 2 D) 
This form is characterized by very well developed postero-lateral 
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spines. Posterior spines are also present while antero-median spines are 
longer than those of antero-lateral spines (Fig. 20 d). Form amphiceros 
was found in abundance during January, February and March, 1995. 
5. B. calyciflorus f. heterospina (Plate 3 A) 
This peculiar form has antero-median spines slightly larger than 
antero-lateral spines, the anterior margin is elevated into a shallow V-
shaped notch ventrally. Posterior spines are absent and only left postero-
lateral spine is present, the other one is wanting (Fig. 20 e) and. thus, 
this form has been named as f. heterospina by Saksena (1989) who has 
reported it for the first time from an Indian pond. Only few specimens 
belonging to this form were encountered in the samples of January, 1995 
alongwith the other forms with developed postero-lateral and posterior 
spines. 
6. B. calyciflorus f. anuraeiformis (Plate 3 B) 
Form has well developed postero-lateral and posterior spines like f. 
amphiceros the only difference is that its size is much larger that that of 
f. amphiceros and postero-lateral spines are shorter than those in f. 
amphiceros (Fig. 20 f). This giant form occurred alongwith f. amphiceros 
during February, 1995 and few speciemens in March, 1995 also. Similar 
form with the same name has also been reported by Koste and Shiel 
(1980) from Australia. 
7. B. calyciflorus f. monstruosa (Plate 3 C) 
All the characters of this form are similar to the f. amphiceros ex-
cept that four anterior spines are more or less equal in length (Fig.20 g) 
which, according to the de Ridder (1987), gives a quite different aspect 
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to this form who called this as f. monstruosa. It was found in February 
and March,1995. 
Description of Genus, Keratella Bory de St. vincent, (1822) (Anuraea 
Ehrenberg, 1838) 
Lorica composed of dorsal and ventral plates, dorsal plate convex, 
sculputred with varying pattern for different species; ventral plate flat and 
slightly concave; both plates of lorica usually covered with fine ariolate 
network and pustulated, antero-dorsal margin mostly with six (some times 
four) spines. Mental margin rigid and rounded, with median notch, one or 
two posterior spines often present, when single usually median in posi-
tion; head retractile and illoricate, foot wanting. Cosmopolitan, common 
in fresh, brackish and marine waters, probably the most common genus 
of rotifera. Cyclomorphosis is pronounced. The genus Keratella contains 
a large number of species, some of which exhibit, or appear to exhibit, 
striking seasonal form change (Hutchinson, 1967). 
The species 
Keratella tropica (Apstein, 1907) (Fig. 18 d-e) 
With characters of the genus, antero-dorsal margin with six spines; 
medians longest, intermediates shortest; mental edge bifurcate; poste-
rior spines unequal, width of lorica at bases of posterior spines smaller 
than width of occipital margin, three hexagonal plaques on dorsal plate of 
lorica and a small, four sided plaque between the posterior border of the 
lorica and the last hexagonal plaque; lorica pustulated. 
K. tropica is a member of the superspecies " valga" which was 
characterised by Edmondson and Hutchinson (1934). Later Berzins (1955) 
included K. valga, K. tropica, K. procurba and K.lenzi in his revision of 
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this group. Now the species included in this group are K. valga, K. 
procurba, K. tropica, K. slacki and K. lenzi (Hutchinson, 1967 ; Marinone, 
1995). K. tropica is a widely distributed species in tropical waters and 
show seasonal cyclomorphic changes in its morphology like other species 
of valga group. 
Various forms of Keratella tropica 
Four morphologically distinct forms of K. tropica were observed dur-
ing the present study. All these forms have been named following 
Hutchinson (1967) and Saksena and Sharma (1986) and commented here, 
while the morphometric data of these forms are presented in Table - 6. 
1. K. tropica f. monstrosa (Plate 4 A) 
This form completely lacks left posterior spine but with very long 
right posterior spine (Fig. 21 a). This form was found to represent the 
species in the duration between Novermber and December, 1994. 
2. K. tropica f. reducta (Plate 4 B) 
This form is characterized by having a long right posterior spine and 
a very short, sometimes bud like, left posterior spine (Fig. 21 b). Form 
reducta occurred during December, 1994 and few specimen were also 
observed in January, 1995. 
3. K. tropica f. asymmetrica (Plate 4 C) 
In this form, both right and left posterior spines are present, left 
posterior spine is shorter than that of the right one (Fig.21 c). The total 
lorica length as well as lorica length without spines are longer than the 
previous forms of the species. This form was abundant in the months of 
January and February, 1995. 
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4. K. tropica f. heterospina (Plate 4 D) 
Both the posterior spines are very well developed in this form. It has 
the lorica much longer than that of the preceeding forms (Fig. 21 d) The 
form encountered in the pond during the months of March, April and May, 
1995 in low densities. In April and May, 1995, a large proportion of K. 
tropica population was having short posterior spined forms. 
DISCUSSION 
Cyclomorphosis of Brachionus bidentatus 
B. bidentatus is a common species of nutrient rich waters. No signifi-
cant field study on cyclomorphosis of this species has been made.De 
Beauchamp (1927) regarded this species as a form of rotifer. B. 
quadridentatus, which shows similarity with this species. However, some 
morphological characters clearly differentiate this species from the later 
one which have already been discussed in observation section. 
Present study deals with the morphological variation of 6. bidentatus 
for the first time from India However, it's cyclomorphosis has benn re-
ported from temperate waters by De Beauchamp (1924, 1927) and Pourriot 
(1974). 
Out of the four forms of the species observed during the present 
study, only two forms, f. adorna and f. testudinarius have been reported 
so far from India prior to this study. S. bidentatus f. adorna has been 
recorded from Baroda (Wulfert, 1966) and West Bengal (Sharma, 1979). 
while f. testudinarius has been reported from N.W. India (Vasisht and 
Battish, 1971) 
Cyclomorphosis in this species was observed to occur from Novem-
ber to March. Form adorna occurred during autumn and early winter 
without any postero-lateral spine, which developed in successive forms 
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through the winter season until March, when there were well marked 
postero-lateral spines in f. testudinarius (Fig.19). 
Morphometric records of various forms of b. bidentatus (Table - 4) 
show that the means of total lorica length, lorica length without spines 
and lorica width do not vary considerably. Only slight variation of a few 
micron in mean values was noticed among successive forms. A reduction 
in the mean length of median occipital spines was noted in later forms, 
while the mean length of lateral and intermediate occipital spines were 
also found to vary in various forms. The most variable morphometric char-
acters of the B. bidentatus were length of right and left postero-lateral 
spines which varied considerably in different forms. Postero-lateral spines 
were entirely absent in f. adorna, and appeared and developed in the 
successive forms later in the cycle. Only right postero-lateral spine was 
developed in f. monospina , while most developed potero-lateral spines 
were observed in f. testudinarius. Mean length of postero-lateral spines 
was found to be 11.8 n in f. intermedia, 11.8p, (only right one) in f. 
monospina and 24.2|n in f. testudinarius. Coefficeint of variation (C.V.) 
values show that the mean length of postero-lateral spines vary with greater 
deal In last two forms. Mean length of posterior spine was also noted to 
increase in various forms from f. adorna to f. testudinarius through the 
cycle. 
Cyclomorphosis of Brachionus calyciflorus 
Rotifer, B. calyciflorus, showed marked variation in its morphology 
(Fig. 20). Its typical form f. calyciflorus lacks postero-lateral spine. When 
these spines are present the form is termed as f amphiceros. If the form 
lacks postero-lateral spines but with well developed antero-medlan spines, 
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it is referred to as f. dorcas. A form with short postero-lateral spines, 
termed as f. spinosus, is a corresponding amphiceros form (Ahlstrom, 
1940; Hutchinson, 1967) 
During present study, seven forms were observed to occur as has 
already been described earlier. The cyclomorphosis was found to start in 
autumn with typical form, f. calyciflorus after which f. dorcas appeared 
alongwith the preceding form during winter. Later, forms with short as 
well as fairly developed postero-lateral spines {f. spinosus, f. heterospina, 
f. amphiceros, f. monstruosa and f. anuraeiformis) occurred until spring. 
The longest postero-lateral spined form was noted in winter season. While 
in spring there was an assemblage of different spined forms in the collec-
tions. 
Morphometric data (Table - 5) of various forms of B. calyciflorus 
indicate marked variations in mean length of lorica, occipital and poste-
rior spines. Mean of total lorica length in f. calyciflorus was recorded as 
285.4n, in f. dorcas as 312.7 \i, in f spinosus, as 300.Ofi, and in f 
amphiceros it was 360.4|a. Total lorica length was measured as 311.8|i in 
f. heterospina but the giant specimens of f. anuraeiformis measured 
447.0|i. Lorica length without spines increased in the winter forms. Forms 
with long postero-lateral spines usually had larger loricae as compared 
to forms with short or no postero-lateral spines. But the mean of lorica 
length without spines found to be less variable among the specimen of a 
single sample (see C. V. values). Mean lorica width ranged from 185.0 to 
300.0^1 among different forms. Median occipital spines were most devel-
oped in f. dorcas (mean = 83.8|u,) and their length was variable in the 
following forms of the cycle. Length of lateral and median occiptal spines 
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were found to be most variable in the specimens belonging to f. dorcas 
(C.V. = 11.57% and 12.57% respectively). Forms with long loricae and 
postero-lateral spines had larger antero-median spines. Lengths of antero-
median and antero-lateral spines were found to be nearly equal in f. 
monstruosa. Length of posterior spines of f. calyciflorus was also vari-
ables. These were absent in f. dorcas and their length increased slightly 
in following forms. Development of postero-lateral spines is most striking 
among cyclomorphic variations in B. calyciflorus. Postero-lateral spines 
ere entirely absent in f. dorcas and f. calyciflorus. They appeared first 
time in f spinosus and showed a continuous increases in their length 
through the cycle until f amphiceros and f monstruosa when their mean 
length measured upto 139.7^ and 146.On respectively. Postero-lateral 
spine length tended to be directly related with lorica length as has also 
been reported by Gilbert (1967) for this species. However, later in the 
cycle, a reduction in the mean length of postero-lateral spines was no-
ticed. In the present study, cyclomorphosis of fi. calyciflorus occurred 
between November, 1994 to March, 1995. Kofoid (1908) recognized f. 
dorcas in March and f amphiceros during April and in the last week of 
May, when both f. dorcas and f. spinosus were observed. During late 
summer f. amphiceros became dominant. Nayar (1965) observed 
cyclomorphosis in this species during November to January in Rajasthan. 
He identified the specimens upto third week of November, lacking postero-
lateral spines, then few specimens were found to develop postero-lateral 
spines in the collections of late November. In his collections during De-
cember and January there was an assemblage of varied forms with pre-
dominance of f amphiceros. Shortening of postero-lateral spines was 
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noted at the end of the cycle in June. Arora (1966) has recognised four 
forms (f. calyciflorus. f. dorcas, f. spinosus and f. amphiceros) from 
Nagpur. He described the cycle to occur from early October to March. 
Saksena and Sharma (1981) while describing cyclomorphosis in B. 
calyciflorus from Gwalior, has identified eight different morphologically 
distinct forms. Form I, without postero-median and postero-lateral spines, 
form II with only right postero-lateral spine and forms III and IV with well 
developed postero-lateral and postero-median spines. In forms V, VI and 
VII, though the postero-lateral and postero-median spines were absent, 
the length and width of lorica varied greatly. Form VIM not only lacked 
posterior spines but the size of lorica was also very small as compared to 
form I. Forms I and II were observed during January, forms III and IV in 
February, form V in March and forms VI, VII and VIII were observed in 
the month of April. In another study by Sharma and Saksena (1984) , 
from a perennial impoundment at Gwalior, India, three forms {f. 
calyciflorus, f. dorcas, and f. amphiceros) have been described follow-
ing the scheme of Ahlstram (1933) 
Cyclomorphosis of Keratella tropica 
Tropical rotifer, K. tropica manifests marked variations in its mor-
phology. Morphological variations in the two unequal posterior spines of 
this species from river Sokoto in Nigeria and Kigezi lake in Uganda have 
been reported by Green (1960, 1980). Egborge and Ogbekene (1986) 
have also studied its cyclomorphosis in lake Asejire in Nigeria. In India, 
morphological form variation of K. tropica has been observed by Arora 
(1966) and Saksena and Sharma (1986) from the ponds. Various forms of 
the species have been observed to occur seasonally. Typical form bears 
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two posterior spines on tlie lorica witli left spine shorter than the right 
one. Cyclomorphosis of this species includes appearance and develop-
ment of left posterior spine. Length of right posterior spine also showed 
variation in its length (Fig. 21 b). 
Four cyclomorphic forms of K. tropica were observed and identified 
during present study, f. monstrosa with only right posterior spine occurred 
in the collections of late November, 1994. With the advent of winter the 
left postrior spine appeared in f. reducta but the right posterior spine was 
shorter as compared to its length in f. monstrosa. The form f. reducta 
with short bud like left posterior spine was oserved during the months of 
December, 1994 and Janurary, 1995. Development in the length of left 
posterior spine was observed through the peak winter months and form 
with moderately developed left posterior spine, referred to as f. 
asymmetrica, became abundant in January and February, 1995. Speci-
mens with very well developed left and right posterior spines belongings 
to f. heterospina were encountered in the months of March, April and 
May, 1995 after which the species disappeared. 
Green (1960) has reported cyclomorphosis in a population of K. 
tropica from tropical Africa. According to him the specimens in December 
had short or no left posterior spines and with the progress of season he 
observed an increase in the length of left postero-lateral spine and then a 
decrease from Feburary to April. Arora (1966) has designated four forms 
of K. tropica as forms I, II, III and IV. The cyclomorphosis, according to 
him, involved reduction and disappearance of left posterior spine later in 
the cycle. Right posterior spine also started to reduce until spineless form 
develops. He observed cyclomorphosis in K. tropica during November and 
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December at Nagpur. Saksena and Sharma (1986) have also reported 
three forms of this species i.e. f. reducta with very small left posterior 
spine, f. asymmetrica with moderately developed left posterior spine and 
f. heterospina with fully developed left posterior spine. However, they 
have reported the cycle to occur between December to April. Egborge 
and Ogbekene (1986) have observed at least 13 forms of K. tropica in 
lake Asejire in Nigeria but they observed that both the posterior spines 
decreased progressively in length from February to June. In the present 
study, cyclomorphosis was found to be started from the forms lacking left 
posterior spine which developed in the proceeding forms until heterospinate 
condition was attained. Contrary to this, Arora (1966) has described the 
phenomenon to start from aspinate condition to heterospinate condition. 
Thus it can be inferred that the cyclomorphosis takes place from both 
heterospinate and aspinate conditions in K. tropica. Wesenberg-Lund 
(1930) has also suggested that a reversal of sequences in form variation 
is also possible. 
Morphometric data of various forms of K. tropica (Table-6 ) revealed 
a marked increase in the mean of total lorica length in successive forms. 
It was noted to increase from 205.7^i in f. reducta and 233.4 n in f. 
monstrosa to 260.8^, in f. asymmetrica and 283.5|x in f. tieterospina. 
Mean lorica width did not show a marked variation. Mean length of me-
dian and lateral occipital spines was found to increase in forms occurred 
later in the cycle. Mean length of left posterior spine measured 13.92|a in 
f. reducta developed to 28.7 \i in f. asymmetrica while finally became 
well developed in f. tieterospina. measuring 55.3|j,. Thus, forms with larger 
loricae had longer left posterior spines as has also been reported by 
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Saksena and Sharma (1986). Coefficient of variation (C.V.) values of tiie 
iengtli of left posterior spine in f. asymmetrica and f. reducta show a 
great variability in the development of this spine in different specimens of 
a sample. Mean values of the lengths of right posterior spine were found 
to increase after the month of December from f. reducta (60.7|i ) until 
very long right posterior spined form, f. heterospina (106.4 \i ) devel-
oped. In the very last stage of the cycle, specimens with reduced right 
posterior spine were observed in the collections. In the months of April 
and May, heterospinate forms were recorded to occur in the sample in 
very low densities until late May when K. tropica disappeared from the 
pond. Morphometric data of intermediate forms between f. reducta and f. 
heterospina showed a steady increase in the mean of total lorica length. 
Values of the means of left and right posterior spines were most variable 
and high values of coefficient of variation are indicative of the inconsist-
ency and variability in the length of left and right posterior spines in differ-
ent forms. 
Regarding the factors initiating and influencing the phenomenon of 
cyclomorphosis, various views have been presented which have been dis-
cussed in detail in chapter 3. Temperature is one of the factors which has 
been reported to affect postero-lateral spine production in zooplankton, 
including rotifers, both in field (Wesenberg -Lund, 1930, Ahlstrom, 1943, 
Gilbert and Waage, 1976) as well as in laboratory populations (Schneider, 
1937; Buchner et al., 1957; Lindstrom and Pejier, 1975). All these stud-
ies demostrated that spine production is stimulated by low temperature. 
The present study also shows a direct positive relationship, as judged by 
s^? t^^^ i^^ :^2) between low temperature of water and the presence of 
krf'^ \ \, 55 
exuberant forms. Long, well developed postero-lateral spined forms in 
B. calyciflorus and B. bidentatus were always recorded in peak winter 
months when temperature was minimum. As soon as temperature started 
increasing, a shortening of the exuberances was noticed and at high 
temperature, non-spined forms of the species were observed to be abun-
dant in the pond. Saksena and Sharma (1986) also considered tempera-
ture as one of the factors responsible for form variation in K. tropica. But, 
results of laboratory experiments to observe the influence of varying tem-
perature and presence of predalory Asplanchna brightwelli on the devel-
opment of postero-lateral spines in B. calyciflorus (see Chapter 5 for 
detail) indicated no connection between temperature variation and spine 
development in control populations where no predator was present. At 
both temperatures (20° and 30°C), no significant induction was noted in 
spine production in 6. calyciflorus in the absence of Asplanchna 
brightwelli. However, at both temperatures, a shortening of postero-lat-
eral spines in B. calyciflorus was observed after the termination of the 
experiment. Dieffenbach and Sachse (1911) and Beauchamp (1937) have 
also reported the same results in laboratory cultures of B. calyciflorus. 
According to these workers, reduction in the size of the animal and rela-
tive spine length continues over three or four generations. At this stage a 
culture can be obtained in which only short spined and typical forms are 
present. Thus, it seems likely that temperature has no direct influence 
over cyclomorphic variations in rotifers. Several other authors like Kofoid, 
(1908) and Sudzuki, (1984) have noted that spine development is usually 
most pronounced some time during the warmest months of the year. Amren 
(1964) could not find any connection of seasonal variation in K. quadrata 
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with temperature. Pejier (1980) has concluded that in tropical waters, 
temperature cannot be considered responsible for the cyclomorphosis. 
Pejier (1962), Rauh (1963) and Halbach (1970) have concluded that 
the spine development is stimulated by low dietary intake. But in the present 
study, oligotrophy was never noticed in the water of the pond and be-
cause of that, a number of micro algae, known to be the food items of 
rotifers, were observed in abundance. Jacobs (1961) suggested that the 
nutrition is only a secondary determinant. Therefore, food or nutrition can 
not be considered as the main cause of cyclomorphosis here. 
De Beauchamp (1952a, b) has pointed out the positive correlation 
between occurrence of postero-lateral spined forms of B. calyciflorus 
and presence of Asplanchna sp. An analysis of field collections of various 
planktonologists by Gilbert (1967) showed that the populations of 6. 
calyciflorus with long postero-lateral spines tend to co-occur with its 
predator, Asplanchna spp. Present study shows a direct relationship be-
tween postero- lateral spined forms of B. calyciflours and B. bidentatus 
and the density of Asplachna brightwelli in the pond. (Fig.22 a, b). The 
low densities of A. brightwelli during October and November were not 
found to induce postero-lateral spine development in B. calyciflorus and 
B. bidentatus. The reason may be due to low densities of Asplanchna, a 
threshold concentration of Asplanchna -substance could not be produced 
and thus inspite of the presence of Asplanchna in the water there was no 
postero-lateral spine induction in either of the Brachionus spp. during No-
vember. Secondly, the /\sp/anc/)na-substance is known to lose its activity 
at higher temperature and probably decomposed by bacteria (Gilbert, 
1966,1970), and during November the temperature was much higher than 
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peak winter months. Gilbert and Waage (1967) and Green and Lan (1974) 
have also concluded that the postero-lateral spine length variation in B. 
calyciflorus is correlated with A. brightwelli density and controlled by 
concentration of Asplanchna - substance in the water. Contrary to the 
conclusions by these workers, the length of the lorica and of the anterior 
and posterior spines in B. calyciflorus f. amphiceros in some Ridder's 
(1987) samples was independent of Asplanchna frequency. 
The occurrence of left posterior spined form of K. tropica was found 
to be directly related with the presecne of calanoid copepods, 
Neodiaptomus schmackeri, Phyllodiaptomus annae and Heliodiaptomus 
viduus. The left posterior spine bearing form was collected in duration 
between December, 1994 to April, 1995 when diaptomids were also found 
to occur in the pond (Fig. 23). Green (1980) has also reported that the 
larger specimen of K. tropica with left spines are found in lakes where 
diaptomids are abundant, and when they are absent left posterior spine 
tends to become shorter. He considered that any relationship between 
the abundance of diaptomids and left posterior spine length in K. tropica 
is only a part of the total compex determining spine length. Saksena and 
Sharma (1986) have confirmed the above findings by showing a direct 
positive relationship between development and elongation of left poste-
rior spines with increase of the diaptomid population. Laboratory studies 
of Stemberger and Gilbert (1984,1987) have clearly demostrated that 
cyclopoid copepods can induce cyclomorphic variations in K. cochlearis, 
while both cyclopoid and calanoid copepods brought about exurberances 
in K. testudo. 
There has been a prolonged argument concerning the adaptive value 
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of cyclomorphosis (see review in cahpter 3). It is quite easy to under-
stand the meaning of the preadators eliciting long spines in its prey. In 
Gilbert's study (1966) on the rotifer, B. calyciflours, short spined forms 
suffered greater predation than those of the predator, Asplanchna, in-
duced long spined form. Halbach (1984) has reported that B. calyciflorus 
often CO occurs with predatory Asplanchna due to a pair of podstero-
lateral spines, induced by an Asp/anc/)na-released substance which pre-
vents the potential prey from being swallowed by the predator. Pejier 
(1980) has also pointed out that the spines may be partly regarded as an 
adaptation for escaping predation. Exuberant phenotypes of certain other 
zooplankton species are also known to be better protected against their 
predators that induce them (Pourriot, 1964; Grant and Bayly, 1981; Havel 
and Dodson, 1984; Stemberger and Gilbert 1984, 1987). Invertebrate 
predators have strict limitations on the size and shape of their prey. 
Exuberances like spines etc. may make capture difficult for invertebrate 
predators since the grasping appendages of these predators and the 
morphology of their prey may fit together. Prey of right size but wrong 
shape hinder the ability of predator to grasp. According to Wetzel (1983), 
predatory planktivory is size selective and predation is more tactile since 
eyes of rotifers and crustaceans detect light intensity as well as movemets, 
but do not form images. On the basis of this relationship of size selective 
and tactile responses, Dodson (1974) suggested that shape of prey within 
the correct size-range can influence whether the prey is taken or rejected. 
In the light of above stated views, it seemed reasonable to interpret the 
spine develoment observed during field observations as device for preda-
tor avoidance. 
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Fig.18 Outlines of the loricae of !r,ufuo/iUs 
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showing the measurements made. 
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Fig. 19 Sketches of various forms of /i.\ii hlOi'iJ-
bicU-n/(i!u> showing cyclomorphic features. 
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showing cyclomorphic features. 
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Fig. 23 Temporal relationship of length of left(o o) 
and right ^ ) posterior spines of KcratcJIa 
/rop/csdinA diaptomid density (•—•) in the 
pond. 
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Plate 1 Morphologically distinct forms of rotifer, Brachionus bidentatus 
A- f. adoma B- f. intermedia 
C- f. monospina D- f. testudinarius 
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Plate 2 Morphologically distinct forms of Brachionus calycifiorus. 
A- f. calycifiorus B-f. dorcas 
C- f. spinosus D-f. amohicems 
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Plate 3 Morphologically distinct forms of Brachionus catyciflorus. 
E- f. heterospina F- f. anuraeiformis 
G- f. monstruosa 
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CHAPTER FIVE 
NDUCTION AND S I G N I F I C A N C E 
C~ C Y C L O M O R F H O S I S I N 
RACHIONUS CALYCIFLORUS IN 
LABORATORY 
This chapter deals with the laboratory study on the induction of spines 
In Brachionus calyciflorus by its predator, Asplanchna brightweti. It is found 
that noo-spined B. calyciflorus responds to the presence of A. bnghtwelli by 
growing defensive spines, thus, making itself less vulnerable to the size selec-
tive planktivory. 
CHAPTER 5 
INTRODUCTION 
Appearance of morphological variations in zooplankton has been 
related with certain environmental factors such as temperature, turbulence, 
food quality and quantity and other abiotic factors (Gallagher, 1957; Green, 
1963) or has been associated with soluble chemical substances released 
by their dominant predators (Gilbert, 1967; Havel, 1987). This type of 
cyclomorphosis has been referred to as chemomorphosis (Hebert and 
Grewe, 1985). The chemical substances released by predators direct 
the parthenogenetic female eggs of zooplankton to develop into individuals 
having exuberant morphological forms which are often better protected 
than the basic phenotype against the predators that induce them (Gilbert, 
1980; Stemberger and Gilbert, 1984). 
According to Repka and Pihiajamaa (1996), predation is an important 
selective agent, affecting both the evolution of the prey and the 
predator.Defences against the predation can be either constitutive or 
inducible. These inducible defenses seem to be common in aquatic clonal 
invertebrates and they are especially well-documented in freshwater 
rotifers and cladocerans (Havel, 1987). Induced antipredator morphologies 
were first recognized in rotifers by De Beauchamp (1952) and then by 
Gilbert (1966). Since then many such defenses have been found in a wide 
range of prey among the rotifers (Stemberger and Gilbert, 1984; Gilbert 
and Stemberger, 1987) and cladocerans (Grant and Bayly, 1981; Krueger 
and Dodson, 1981; Hebert and Grewe, 1985; Havel, 1987). 
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Present laboratory study is, therefore, an attempt in order to 
determine, (1) whether the course of spine length variation of B. 
calyciflorusis related with the presence of its predator, Asplanchna 
brightwelli, which is known to be the causative factor behind phenotypic 
plasticities of several prey rotifers including B. calyciflorus (Gilbert and 
Waage, 1967; Green and Lan, 1974; Stemberger and Gilbert, 1987), and 
(2) are the spined forms better protected against/\. /jr/g/jfwe///predation? 
Laboratory cultures of both 6. calyciflorus and A. brightwelli. were 
maintained and induction as well as predation experiments were run under 
the controlled conditions to test the selective force that causes phenotypic 
variation besides the adaptive value of this variaiton in reducing predation. 
MATERIALS AND METHODS 
Algal cultures-
Chlorophyte, Chlorella sp. was cultured in synthetic culture medium 
of Kuhl and Lorenzen (1964). 50 ml of Kuhl and Lorenzen's medium mixed 
with 0.75 mg Agar was autoclaved at 15 Ib/sq inch pressure for 15 minutes 
and solidified in sterilized Petri dish. A diluted drop of pond water containing 
Chlorella cells was put on the nutrient-Agar and spread evenly. Petri-dish 
was incubated at room temperature under natural day light. After one 
week, small algal colonies developed on the surface of nutrient-Agar. 
Chlorella colonies were picked up by inoculation wire and transferred in 
autoclaved conical flasks containing 100 ml culture medium. Flasks were 
incubated at room temperature (20 ± 2° C ) under natural light for two 
weeks, after which cultures turned green and were harvested during their 
exponential phase of growth. Sub-cultures were maintained in the same 
way to ensure vitality and motility of algal cells in culture . 
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Paramecium culture -
Paramecia were used to feed predatory rotifer, Asplanchna sp. 
Cultures were maintained in a 100 ml beaker containing 50 ml of distilled 
water, cooked hay and wheat grains. Inoculation was done by adding a 
drop of natural pond water in the beaker containing Paramecia. Culture 
was kept at room temperature near the window under indirect light. Small 
quantities of cooked hay and wheat grains were added each week to 
maintain the Paramecium culture. 
Asplanchna culture -
Predatory rotifer, Aspianciina brigiitweili was cultured in small Petri 
dishes at 20±2''C temperature under diffused light in the culture medium 
consisting of one parts of grass extract and nine parts of dechlorinated 
tap water. Individual organisms were isolated from the natural population 
with the help of glass dropper under a stereoscopic microscope and 
transferred to Petri dishes after washing thrice in distilled water. Culture 
medium was renewed after every 48 hours to restrict ageing. A. brigtitwelli 
was fed with Paramecia. 
Brachionus calyciflorus culture -
Clonal cultures of B. calyciflorus were maintained in pond water 
filtered through 10 ^m mesh size netting and enriched with Chlorella cells 
(5x10^ cells/ml) at 22 ± 2°C with 12 hours dark: 12 hours light period in 
100 ml glass beakers . Initiation and maintainance of clonal rotifer cultures 
is simple and techniques are similar to those used in microbiology. 
Induction Experiment-
Non-spined females of 6. calyciflorus were isolated from the clonal 
stock culture and were acclimatized to the experimental temperature and 
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food level for at least 10 days prior to the commencement of the 
experiment. Induction experiments were run in 15 ml capacity glass cavity 
blocks each having 5 ml of filtered pond water which was made 
/\sp/anc/7na-sbstance free by keeping it at 60° C for 12 hrs prior to use. 
At the time of the collection of pond water, in the month of October, 
Asplanchna density was very low and perhaps there was no Asplanchna-
substance activity in the water as almost all the individuals of B. calyciflorus 
collected at that time had no postero-lateral spines. Twelve test vials 
were inoculated with 20 individuals each of non-spined form of B. 
calyciflorus from the acclimated population and were supplied with 
Chlorella at a density of 5x10^ cells/ml. Two sets, each having six vials, 
were kept separately in 12 beakers as in life table experiments at two 
experimental temperatures (20° and 30° C) containing Asplanchna-
substance free water. Now the three beakers each of both the sets were 
inoculated with A. brightwelli from the stock culture at a density of 3 
individuals per ml which served as treated sets. While no A. brightwelli 
was introduced in the other six beakers (3 each at both temperatures). 
Experimental animals were transferred to fresh medium at every 24 hrs 
with the help of 55 ^m mesh size netting. Experiment was terminated 
after 10-12 days, after which all expeimental as well as control population 
of B. calyciflorus were fixed in 5% formaldehyde solution. Number of 
individuals were counted and spination noted. Chi square (X )^ statistic 
was used to test the significance of the frequencies of spined and unspined 
phenotypes in control and experimental sets. 
Predation Experiment -
For the determination of survivorship of typical spineless and spined 
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phenotypes against Asplanchna predation, this test was conducted. 10 
non-spined and 10 spined individuals of B. calyciflorus were placed in 
each of the six Petri dishes containing 5 ml of culture medium. Four 
overnight starved Asplanchna were also placed in three Petri-dishes 
which served as experimental set while the other three Petri dishes, having 
no Asplanchna and served as control. Experiment was terminated after 6 
hrs and immediately after the termination, all experimental and control 
populations were fixed in 5% formaldehyde solution. The final number of 
each morphotype was determined in Sedgwick-Rafter cell under the 
inverted microscope. Experiment was repeated thrice. The proportions 
of postero-lateral spined and non-postero-lateral spined phenotypes of 
B. calyciflorus ingested during the experiment were tested by constructing 
two by two contingency table and computing Chi square (X^) statistic. 
RESULTS 
Induction experiment -
Presence of Asplanchna induced a significant response to develop 
postero-lateral spine in B. calyciflorus at 20° C. Mean and percentage 
values of typical and exuberant forms developed in both experimental and 
control sets at 20°C are given in Table-7. The percentage of postero-
lateral phenotypes was found to be much more in experimental set as 
compared to their values in control set at this temperature. Difference in 
percentage of occurrence of non-spined and spined forms in experimental 
set was found to be highly significant at P<0.001. At 30° C, however, no 
induction was noted in the experimental population of B. calyciflorus and 
only few specimens with very short postero-lateral spines were found to 
develop in experimental set (Table 8). 
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Predation Experiment -
Results of predation experiments are presented in Table-9. The 
postero-lateral spined form was ingested to a much lesser extent than 
that of the non-spined form. Percentage of ingestion of the two forms is 
also given in Table-9. The difference in the percentage ingestion of two 
types of prey B. calyciflorus was highly significant at P<0.001. 
DISCUSSION 
De Beauchamp (1952) first of all pointed out the relationship between 
occurrence of spined form of B. calyciflorus and presence of Asplanchna 
sp. Gilbert and Waage (1967) have also concluded that variation in the 
length of postero-lateral spines of 6. calyciflorus is correlated with A. 
brightwelli density and controlled by the concentration of Asplanchna-
substance in the medium. They further suggested that Asplanchna-
substance probably induces postero-lateral spine development in very low 
concentrations. Present study also shows that the presence of Asplanchna 
significantly induces the development of postero-lateral spines in B. 
calyciflorus at 20° C(Table-7). It is, therefore, quite probable that B. 
calyciflorus responds to this substance in nature and that Asplanchna 
induced spine production is not simply a laboratory phenomenon created 
by abnormal conditions. Now, it has been established and well evidenced 
fact that populations of some freshwater zooplankton including B. 
calyciflorus undergo morphological changes in response to water soluble 
chemicals released by their predators like Asplanchna (Pourriot, 1964; 
Gilbert, 1967; Havel, 1985; Stemberger and Gilbert, 1984). 
Nothing is clear about the role of other variables which may affect 
the stability of the Asplancha -substance. Low temperature usually has 
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been related with the occurrence of postero-lateral spined forms of B. 
calyciflorus. However, the role of temperature is suggested to be 
important in sustaining the activity of Asplanchna-substance, which being 
proteinaceous in nature, lose its activity at higher temperature , rather 
than to affect the spine formation directily (Gilbert and Waage, 1967). 
Laboratory studies of Gilbert (1966,1967) showed that xenic Asplanchna-
conditioned media gradually lose activity at 25°C, becoming inactive in 
slightly less than a week. This loss of activity is more rapid when live B. 
calyciflorus are present. It has been further suggested that the 
Asplanchna- substance, although fairly stable at 25''C, is probably 
decomposed by bacteria and may be actively incorporated and metabolized 
by B. calyciflorus (Gilbert and Waage, 1967). In this study, no significant 
induction of spines was noticed at 30°C which confirms the above findings 
and shows that at higher temperature, the ^sp/a/?c/7Aja-substance is 
inactivated. 
Concerning the adaptive value of morphological shift, it is quite easy 
to understand the meaning of predator induced spine development in the 
rotifers. Gilbert (1966) showed that short spined forms suffer greater 
predation than those of the long spined forms. Pejier (1980) also pointed 
out that the spines may be partly regarded as an adaptation for escaping 
predation. Our experiments show that Asplanchna brightwelli always 
ingested more non-spined phenotypes (60-90%) In comparison to spined 
phenotypes of B. calyciflorus as they were less succeptible to ingestion 
(10-50%, Table-9). Exuberant phenotyes of other zooplankton like Daphnia 
spp. and Keratella spp. are also known to be better protected against 
their predators (Grant and Bayly, 1981; Havel and Dodson, 1984; 
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Stemberger and Gilbert 1987). 
It is evident from the present study that seasonal morphological shift 
in certain zooplankton including 8. calyciflorus is directly related with the 
presence of its predator, Asplanchna brightwelli, and that the long spined 
form of this rotifer could significantly reduce the predation pressure by 
Asplanchna. It is the evoloutionary achievement of a phenotypic, often 
developmental, plasticity which makes possible the antipredator 
morphology. Like this, many, if not all, such adaptive responses in 
freshwater ecosystem are mediated by a semio-chemical cue 
("kairomone") which signals the presence of predator. In no case have 
the kairomone been identified and in future, elucidation of the cellular 
and molecular mechanisms of the morphological responses using 
radiolabelled or photoaffinity labelled kairomone also awaits its 
identification (Parejko and Dodson, 1990). However, role of other 
environmental factors can not be denied completely which may modify the 
phenomenon of phenotypic plasticity among zooplankton. 
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CHAPTER SIX 
I F E T A B L E S AND P O P U L A T I O N 
P A R A M E T E R S OF N O N - S P I N E D 
AND S P I N E D FORMS OF 
RA C 'r-IIONUS CA L YCI FLOR US I N 
L A r^ . .Jr. rt 7 C ~ Y 
Chapter embarks on the comparative demography of non-
spined and spined morphotypes of Brachionus calyc^rus in labo-
ratory. Demography of non-spined morphotype appeared to be 
slightly different and superior than that of spined morphotype at 
three temperature. Temperature is found to have significant ef-
fects on lifetables and population parameters of both kinds of B. 
cafycUlonjs. 
CHAPTER 6 
INTRODUCTION 
The search for causes and explanation of population changes or 
increase and decrease of production is still an enormous motivation for 
zooplankton workers. Reproduction rate, survival and death are widely 
used as analytical tools for population dynamics studies. These parameters 
are commonly indirect measurements based on mathematical models of 
population growth, allowing the computation of rates (Herzig, 1987). 
Models of population can be used to describe the patterns of population 
densities in space and time (Halbach,1970 b). The whole causal chain in 
rotifer population dynamics, according to Halbach (1984) is: 
Ecological factors—> Physiological characters—> Life table data—> 
Population parameters—> Population dynamics 
Ecological factors such as temperature, nutrition or toxic substances 
influence physiological characters (e.g. swimming velocity, filtration, 
ingestion, assimilation and respiration rates). These in turn influence life 
table data (life span, development time,survival, fertility) which determines 
the population parameters (net reproductive rate, average generation time 
and intrinsic rate of natural growth). Using these parameters, population 
dynamics can be simulated by deterministic models (Halbach, 1984). Life 
cycle characteristics which are ecologically very important in population 
dynamics studies are duration of development, survivorship, longevity and 
fecundity of the adults (King, 1967; Hrbackova, 1971; Hrbackova and 
Hrbacek, 1979; Duncan, 1989). According to Winberg (1971), a life history 
consists of survival schedules and reproductive efforts (number of 
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eggsUime), and it is modified through natural selection to obtain the highest 
individual fitness. More useful information on zooplankton population 
dynamics, therefore, can be obtained if the stages in the life history of a 
species are analysed separately than if only total population is measured. 
When a group of individuals belonging to same species and of nearly 
the same age,referred to as a cohort, is counted at different time 
intervals,one can obtain an estimate of the number of survivors in each 
time interval.The fraction (Ix) of the original cohort surviving to time (x) is 
plotted logarhithmically against time (x) to yield a survivorship curve. 
Fecundity curve is also obtained in the same way counting number of 
offsprings per female (mx) in each time interval. Analysis of egg production 
and survival of individuals yield information on growth rate and mortality 
as well as the duration of each stage alongwith the interval between 
generations. A life table and its resulting survivorship and fecundity curves 
also provide the parameters needed for determining the survival and 
reproductive performance of a population. 
Intensive studies on the population dynamics of zooplankton including 
rotifers began many years ago which include the works of Edmondson, 
1957; Erman, 1962 a,b; Galkovskaja, 1963; Halbach, 1970 b; 
1973,1978a,b, 1979; Halbach and Burkhardt, 1972; Seitz and Halbach, 
1973; Halbach and Halbach-Keup, 1974; Girke, 1976; Wissel etal., 1980 
and Halbach, 1984. 
However, the species adapted to the warm water are much less 
studied for recording the population dynamics (Halbach, 1970; Hirayama 
and Ogawa, 1972; Ruttner-Kolisko, 1972; Pourriot and Rougier, 1975 ; 
King and Miracle, 1980 ) than more thoroughly studied cold water forms 
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of rot i fers (King, 1967; Bottrel l et al., 1976; P i larska,1977; 
Herzig,1983a,b). 
Effect of temperature on life tables and population parameters 
Since most species of planktonic rotifers have a global distribution 
(Pejier, 1977; Dumont, 1983; de Ridder, 1984) and are characterised by 
wide range of tenfiperature tolerance, they are able to reproduce over a 
wide temperature range , provided that other factors are not limiting. 
Temperature is one of the main factors affecting population parameters 
such as birth rate and growth rate. 
It is difficult to determine the effect of temperature on an individual 
or a population in the natural environment because (1) temperature 
influences other lake processess which, in turn, affect the rotifers, (2) 
temperature varies in time and space in most freshwater bodies and is 
difficult to estimate, and (3) the rate of biological processes is seldom 
influenced by temperature alone, but also by a number of other factors 
(Galkovskaja, 1987). It is far more difficult to identify the direct effect of 
temperature on population growth parameters than to estimate its effects 
on the growth of individuals (Galkovskaja, 1987). 
Besides the effects of temperature on population parameters, a 
number of studies have also been conducted to determine the importance 
of sexual reproduction to temperature (Hino and Hirano, 1984; Snell, 1986), 
to salinty (Ito, 1960, Lubzens et a/.,1980; Lubzens, 1981; Hino and 
Hirano,1988 and Snell, 1986) and to food (Gilbert, 1968). 
Biotic influence over life tables an population parameters 
Besides temperature, the planktonic organisms are also sensitive to 
chemical signals within their environment which can influence various life-
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history aspects. The role of such stimuli in aquatic systems is to enable 
organisms to survive in changing and dynamic environment (Larsson and 
Dodson, 1993). They can act as 'messengers' in intraspecific 
communication, provide information on food availability, or on the pressure 
of competitors or predators (Dodson, 1989). Many planktonic species 
have developed ways to reduce the impact of predation (de Bernardi et 
at., 1987), and these include life history, behavioural and morphological 
changes. 
Morphological changes or cyclomorphosis in rotifers include the 
elongation of spines or formation of extra spines and are usually related 
to the presence of invertebrate predators and their secretions as in the 
case of several species of brachionids, where cyclomorphic exuberances 
develop as a defensive response to the chemical subtances released by 
their invertebrate predators like Asplanchna and some copepods (as has 
been discussed in previous chapter). 
Like rotifers, many such morphological defences have been found in 
a wide range of prey (Grant and Bayly, 1981; Krueger and Dodson, 1981; 
Hebertand Grewe, 1985; Havel, 1987). In accordance with predictions of 
inducible defences (Maynard Smith, 1982; Lively, 1986), it has also been 
proposed that there is a cost associated with the spine Induction (Repka 
and Plhlajamaa, 1996). Dodson (1974) has also hypothesized that energy 
losses are associated with the formation of cyclomorphic exuberances 
which could otherwise be used to increase the growth rate or reproduction, 
since spines are not maintained during all seasons. Several studies on 
the cyclomorphic cladocerans have even suggested that reproduction is 
reduced (Zaret, 1969; O'Brien and Vinyard, 1978 ; Havel and Dodson, 
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1987). 
Therefore, to determine how the demographic parameters are 
affected in a defencive situation at different thermal regimes, the 
measurements of life tables and population traits of spined and non-
spined Brachionus calyciflorus, in the presence and absence of its 
predator, Asplanchna brightwelli were thought to be necessary. 
In the present study, age specific survival, age specific fertility, net 
reproductive rate, mean generation time , intrinsic rate of natural growth 
and shapes of fecundity and survivorship curves of clonal cohorts of spined 
(in the presence of >A. brightwelli) and non-spined (in the absence of >A. 
brightwelli) B. calyciflorus are studied in the laboratory, at three different 
temperatures as possible response to environmental temperature and 
prsence of predators , faced by the species in nature on the assumption 
that the life table data observed under laboratory conditions are indeed 
characteristics of the species. 
MATERIALS AND METHODS 
The species 
The freshwater monogonant rotifer, B.calyciflorus, is a useful 
experimental organism for determining population parameters, because it 
Is easy to cultivate, has a short life cycle and a high reproductive potential 
(Leimeroth, 1980). It is also known to be the fastest growing metazoan 
(Bennetand Borass, 1988). 
A. brigtitwelli is a freshwater predatory rotifer, feeding on a variety 
of prey organisms, especially smaller rotifers (Sarma, 1993) and has been 
a popular metazoan for various kinds of studies related to its eco-biology 
(Gilbert, 1980). 
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Cultures 
Experimental individuals of 8. calycifloruswere derived from clonal 
stock culture that had been established from a resting egg and maintained 
for several generations at 22 ± 2° C and 12hr l ight: 12hr. dark in 100 ml 
beakers containing pond water, filtered through 10^i mesh size nylon 
netting, as culture medium. Medium was enriched with Chlorella cells at 
a density of 5x10^ cells\ml. Rotifers were transferred to fresh culture 
medium with appropriate food through a 65^ mesh size nylon netting at 
every 24 hrs interval. 
Green alga, C/)/ore//a was supplied from the batch cultures maintained 
in Kuhl and Lorenzen's nutrient culture medium (1964) in 250 ml conical 
flasks at 22 ± 2° C in natural light. Alga was harvested in the log phase of 
growth at densities of about 25-30x10® cells\ml, centrifuged for 5 minutes 
at 6 g, washed and resuspended in filtered pond water. Desired density 
of Chlorella to be given to the rotifer cultures was obtained by dilution 
and measured with the help of a haemocytometer. 
A. brightwelli was isolated from the Lai diggi pond and cultured in 
the laboratory using Pramecium aurelia (cultured on boiled wheat grains 
in diluted hay infusion) as food. Clonal stock cultures were maitained in 
1L jars containing nine parts of dechlorinated tap water and one part of 
grass extract. Cultures were kept at 22 ± 2° C under diffused light and 
medium was renewed daily. Paramecia were added at a density ranging 
from 20-30 ind.\ml and density of Asplanchna was maintained around 4 
ind.\ml. 
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Acclimation and procurement of non-spined and spined morplis of 
B. calyciflorus 
Six ovigarous, amictic females were selected from the stock cultures 
and transferred individually in six glass vials of 15 ml capacity and each 
with 5 ml culture medium at same food level as in stock culture. Each vial 
had 30 \i nitex netting attached at its open mouth. 
Each of the six vials was placed in one of the six 250 ml capacity 
beaker containing 100 ml filtered pond water as culture medium enriched 
with Chlorella at 5x10^ cells\ml density. Beakers were divided into two 
sets of three beakers each. A. brightwelli from the stock cultures were 
added in one set, hereinafter called treated set, at a density of 15 indMOO 
ml. Beakers of the other set, hereinafter called untreated, were not added 
with A. brightwelli. Now one beaker each from both sets (treated and 
untreated) were kept at three different experimental temperatures (18°, 
25" and 30° C) in water baths for a period of 10 days prior to the life 
history experiments to assure complete physiological acclimation to the 
respective experimental conditions and induction of postero-lateral spines 
in 8. calyciflorus of treated set. Culture medium was renewed with fresh 
food at every 24 hrs interval. 
By the tenth day, it was observed that almost all the population of 
treated set at 20° and 25° C consisted of spined form of B. calyciflorus 
and hardly few individuals were seen with very short postero-lateral 
spines but at 30° C most of the population was observed to be non-
spined except some individuals which developed short postero-lateral 
spines. In the untreated set low number of short postero-lateral apined 
forms of 8. calyciflorus was observed at 20° and 25° C remaining 
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individuals were with postero-lateral spinless loricae. Not even a single 
spined individual was found to occure in untreated set at 30° C. 
Experimentation for Life Tables and Population Parameters 
To obtain test animals of uniform age, amictic eggs were collected 
from all the vials from both treated and untreated sets and allowed to 
hatch. Newly hatched rotifers from untreated set (non-spined) and treated 
set (spined) were used for maintaining the cohorts, each composed of 10 
animals. Six cohorts were derived for each replicate from six acclimatized 
populations and experiment was run in triplicate. Thus there were total 18 
experimental vials (3 temperatures x 2 treatments x 3 replicates). 
Individuals belonging to one cohort were taken from single acclimatized 
vial and cultured individually in 10 ml glass vials containing 3 ml filtered 
pond water with food {Chlorella at 5x10^cells\ml). Each vial had 30 ^ 
nitex netting at its open mouth and was suspended alongwith the other 
vials of the cohort in the beakers in its respective set either treated or 
non-treated. All the vials were kept at their acclimatized conditions in two 
treatments and three temperatures. Experiment was run under diffused 
light condition and the racks holding the beakers in water baths were 
shaken manually at 3-5 hrs interval to agitate the culture medium in order 
to minimize Chlorella sedimentation. Rotifers were transferred to fresh 
culture medium with fresh food daily. 
All the cohorts were examined at evry 6 hr interval and number of 
eggs, new born and dead specimens were counted using a binocular 
microscope at 40x magnification. All dead individuals, newly hatched 
rotifers and fallen eggs were removed, while the eggs attached to the 
mother were left in the vials. Tests were terminated when the last individual 
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of every cohort died. 
Life table parameters were determined according to Birch (1948). 
For every age interval, x (=1 day) the age specific survivorship, Ix 
(survivorsVcohort), the age specific birth rate, mx (offspringsVfemale) and 
age specific fecundity, Ix.mx (offspring survivingVfemale) were computed 
from the daily observations. 
Net reproductive rate (Ro), mean generation time (Tc) and intrinsic 
rate of population growth (r) were all computed from the formulae of Birch 
(1948) and Laughtin (1965). 
Following are the formulae, used in this study-
Net Reproductive Rate (Ro) = Elxmx, 
Mean Generation Time (Tc) = Zx.lxmx\Ro, and 
Intrinsic growth rate (r) = In Ro\Tc. 
RESULTS 
Results of experiments comparing population parameters of non-
spined and spined morphotypes of Brachionus calyciflorus at different 
temperatures are given in Table 10. The time-course of age specific 
survivorship (Ix) and fecundity (mx) and product of these parameters (Ix. 
mx) for non-spined and spined morphotypes of B. calyciflorus cohorts 
are shown in (Figs.21 - 23) at different temperatures 
There are minor differences between non-spined and spined 
morphotypes of B. calyciflorus in their mean survivorship, fecundity, mean 
generation times, net reproductive rate (Ro) and intrinsic rate of natural 
growth (r) at 30°C. However, these differences are more pronounced at 
20° and 25 °C. In each case the non-spined morph is looking to be superior 
than the spined one. The survivorship curves are similar in form (all 
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negatively skewed) and differ primarily in their steapness. Survivorsiiip of 
non-spined morphotypes was more at all temperatures tested. At lower 
temperatures, the survivorship of both the morphotypes was more and 
found to be decreasing with increasing temperature. 
The non-spined phenotype produced a significantly larger number of 
offsprings per average female (Ro)than thatof thespined morph. The mx 
curves demonstrate early timing of first reproduction of spined than the 
non-spined morphotype at 20°C and 25°C. Overall results show the 
superiority of non-spined morph over the spined morph with respect to its 
life table and population parameters. The inferiority of the spined morph 
can be understood as the result of the energy cost, they pay for maintaining 
their spines in the presence of predators. Life tables and each of the 
population parameters are dicussed separately in the following section. 
DISCUSSION 
Age specific survival (Ix) 
Age specific surviorship (Ix) was recorded to be more during first 
two days in all the experiments irrespective of temperature and 
morphotype. With an increase in temperature the mortalities began 
increasing. But, simultaneously the generation time also shortened and 
so more individuals reached to adult phase earlier in all experiments at 
higher temperature. A sharp reduction in life expectancy of 8. calyciflorus 
has also been recorded by Galkovskaja (1987) at higher temperature. 
Survivorship of non-spined morphotype of B. calyciflorus was found to be 
more at 20° and 25°C then that of spined morphotype whereas at 30°C 
only minor^ifference was noticed between the survivorship of non-spined 
and^f^Gpfnofpi^^D§pe. Gilbert (1980), however, reported that Asplanchna 
( ::^c. N o _ . ) ^ i 
induced long spined morph of B. calyciflorus was no different from short 
spined morph in survivorship. 
Age specific birth rate (mx) 
Age specific birth rate (mx) exhibited a very close direct relationship 
with temperature. With increasing temperature, the reproduction also 
increased and younger animals became more reproductive. However, at 
higher temperature, reproduction ceased comparatively earlier than at 
lower temperature. It was observed that spined morphotye of B. 
calyciflorus attained maturity earlier than that of the non-spined 
morphotype and started egg production earlier but also ceased to produce 
egg before the non-spined morphotype at all temperatures tested. 
King (1967) used Edmondson's series of papers, published between 
1945 and 1965, to conclude that the birth rate of rotifer population was 
most influenced by temperature, food quantity and food quality. This 
conclusion has been confirmed subsequently by a number of authors 
(Halbach, 1970 a,b; Hilbricht-llkowska and Pourriot, 1970; King, 1972; 
Pourriot, 1973; Galkovskaja, 1979; Walz, 1983, Pascual and Yufera, 1983). 
Results suggest that energy cost for maintaining the exuberances 
has an influence on reproduction. Early reproduction (mx) in spined-morphs 
than in non-spined morphs means that spined morph reached maturity 
earlier particularly at low temperature may be because of the predatory 
Asplanchna brightwelli released spine inducing chemical which is known 
to be more active at lower temperature than 27°C (Gilbert and Waage 
1967). 
A detailed investigation was conducted by Snell and King (1977) on 
the relationship between reproduction and survival in 1714 individuals of 
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A. brightwellUhai were examined daily from their birth to death. Long-
lived individuals reproduced at low rates so that reproduction was spread 
evenly over many age classes. In contrast, short lived {individuals 
reproduced at a high rate and concentrated their reproduction in only a 
few age classes. Results of the present study also confirm the above 
findings. 
Age specific fecundity (Ix. mx) 
Production of young per surviving female (Ix.mx) per day became 
higher with higher temperature. Sharp peaks were noted in age specific 
fecundity just after the cohort population attained adult phase. Age specific 
fecundity peaks in spined morphotypes always occurred earlier than non-
spined morphotype. The specific fecundity rate (Ix.mx) was higher at higher 
temperature but the reproductive period was longer at lower temperature. 
Simultaneously, the age distribution of the population shifted to younger 
individuals at higher temperatures. Gilbert (1980) observed no difference 
in the fecundity of Asplanchna induced long spined morphs and short 
spined morphs of 6. calyciflorus grown on high or low food levels. 
Net Reproductive Rate (Ro) 
Net reproductive rate decreased with increasing temperature. The 
values of Ro reached their minimal at 30°C. Values of Ro for non-spined 
morphotypes were always higher than those of spined morphotypes at all 
temperatures. Considerable reduction in the value of Ro for 6. calyciflorus 
has been reported by Galkovskaja (1987) at higher temperature, and 
according to her, it was due to increased mortality and the shift of the 
reproduction maximum to the earliest stages of maturity. 
In most cases among the warm-water species, net repreduction (Ro) 
79 
varies little ( Halbach, 1970; Hirayama and Ogawa,1972; Pourriot and 
Rougier,1975; King and Miracle,1980) within a certain temperature range 
and it is only low at the most extreme temperature (Miracle and 
Serra,1989). Results show that spined morphotype has low Ro values 
than the non-spined morphotype particularly at lower temperature. This 
may be due to the effects of energy loss for development of extra spines 
and stress caused by the secretions of predatory A. brightwelli. 
Intrinsic rate of population growth (r) 
Intrinsic rate of growth (r) is assumed to be the best measure of 
fitness in a non-saturated environment (Miracle and Serra, 1989). Rotifers 
in strongly fluctuating planktonic environments, which have to adapt to 
regular colonizing events, may frequently be subject to selection of high 
intrinsic rate of growth. According to Miracle and Serra (1989), rotifers 
show the highest 'r' values of all zooplankton species and that the crucial 
advantage of one species against another under a particular set of 
conditions, may lie in how 'r' responds to any one of the changing 
conditions?. Moreover, 'r' summarizes all life table parameters becasue it 
combines survival fecundity and the timing of development and 
reproduction. Intrinsic population growth rate increased with rising 
temperature. Values of 'r' for non-spined morphotype increased from 0.58 
at 20°C to 1.0 at 30°C. While for spined morphotype, 'r' values increased 
from 0.6 at 20°C to 0.95 at 30°C. Intrinsic population growth rate of spined 
morphotype was found to be higher than the non-spined morphotype of 
the species except at 30°C. Studies on experimental populations of 
Brachionus calyciflorus have recorded maximal value for instantaneous 
growth rate (r) at temperatures of 30 -35°C (Galkovskaja, 1979), when 
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cultured on Chlorella sp. at a concentration of 10^ cells /ml. The 
experimental temperature ranged from ICC to 37°C and the maximal value 
recorded was r = 0.75 /day. Later it was shown that above 20°C the 
intrinsic growth rate increased with food concentration upto 5x10^ cells./ 
ml. During the growth period , 'r' could reach 2.0 /day but averaged 0.9/ 
day at 25°C and 1.5 /day at 33°C. 
The direct effect of temperature on intrinsic growth rate in rotifers is 
difficult to determine, since it is mainly affected by population density and 
food supply. Even with similar food supplies, at the same concentrations, 
different relationships between 'r' and temperatures are often recorded 
(Galkovskaja, 1987). This may be attributed to selection at the 
environmental temperatures of origin and interaction of food with 
temperatures. This interaction is a complicated balance between the effect 
of temperature on filtering rate, low when the temperature is low and the 
accelerated consumption of food for growth and reproduction with 
increasing temperatures. (Miracle and Serra, 1989). Thus, the effect of 
temperature on 'r' is mainly due to its effect on metabolism and 
development. In the present study, it was found that with increasing 
temperature, reproduction starts earlier which thereby increases 'r' by 
decreasing the generation time. Low 'r' values for spined morphs may be 
due to energy cost involved in maintaining extra spines under predation 
pressure. 
Mean generation time (To) 
Mean generation time (Tc) decreased with rising temperature. Values 
of Tc showed their maximum, 4.19 days for non-spined and 3.83 days 
for spined morphotype at 20°C which diminished to 2.09 days for non-
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spined and 2.14 days for spined morphotype at 30°C. 
As shown by King (1967) for Euchlanis dilatata, the mean generation 
time was shortened when the egg was laid earlier in the life cycle and 
prolonged when it was laid later. This indicated that Tc was dependent 
upon the duration of the post-embryonic or juvenile phase. Galkovskaja 
(1987) reported that the mean generation time (Tc) in Brachionus 
calyciflorus, B.urceus and Epiphanes brachionus became shorter as the 
temperature increased from 30*^ 0 to 40°C. 
Mean life span (MLS) 
Mean life span also decreased with the rise in temperature. At 20° 
C, the mean life span of non-spined and spined morphotype was recorded 
to be maximal (6.6 and 6.3 days respectively,) but found to shorten with 
increasing values of temperature and was minimal at 30°C (3.2 and 3.3 
days for non-spined and spined morphs respectively). Only slight variation 
was noted in the values of mean life span of spined and non-spined 
morphotypes of B. calyciflorus where the spined morphotype had 
comparatively short life span than that of the non-spined morphotype. 
Rotifer life spans are normally expected to be Inversely related to 
environmental temperature (King 1967), i.e. the relationship between life 
history and temperature is characterized by decrease in life span with 
increasing temperature. Decrease in egg production at higher temperature 
may be casued by the higher energy requirement of respiration (Pourriot, 
1972). At the same time the life span shortened, more eggs and more 
young were produced per day resulting in an increasing hatching rate. 
Consequently, with increase in temperature the fecundity became more 
into an ever shorter space of time and rose to an ever higher peak as has 
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also been shown by Halbach (1970) and by Pourriot and Rougier (1975) 
for Brachionus speices. According to King and Miracle (1980), life span 
in rotifers can be altered in predictable directions by (a) change in 
temperature (b) change in pH (c) change in photoperiod and (d) change in 
nutrition becasue all of these factors have marked effects on the 
physiological state of the individual. 
CONCLUSION 
It can be concluded that >4sp/ancAina-released chemicals does have 
an knpact on the life table and population parameters through the induction 
of postero-lateral spine development. The spined morphotyes were 
maintaining the postero-lateral spines in response to the Asplanchna-
released substace and energy requirement for the production of defensive 
spines was affecting the spined morphs adversely with respect to their 
life history as evolution of the conditioned strategies require some form 
of cost to balance the benefits of an intermittently deployed structure 
(Maynard Smith, 1982; Lively, 1986). In contrast, the non-spined morphs 
were thriving in an environment without any predator, thus, had no need 
to grow extra spines and were more fit than spined morphs. 
With respect to the effect of temperature, it seems clear that 
survivorship. Ro, Tc and MLS are inversely related to the temperature 
whereas fecundity and 'r' values are related positively to the rising 
temperature. Both the morphs seemed to be responding in similar way to 
the rising temperature. Though the effect of predator, Asplanchna-
released chemical is more pronounced at lower temperature and is 
negligible at high temperature. 
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SUMMARY 
Rotifers are one of the main components of the freshwater 
zoopiankton and play an important role as grazers, suspension feeders 
and predators within the zoopiankton community. They also constitute 
important trophic link in the food chain of fishes. Present study deals 
with the seasonal dynamics of rotifer population and cyclomorphosis in 
a tropical pond in relation to some ecological factors in the duration of 
one year. This study further includes laboratory experiments on 
cyclomorphic rotifer , Brachlonus calyciflorus, to see induction and 
adaptive significance of cyclomorphosis in this species. Experiments 
were also conducted to observe the comparative life tables and 
population peramenters in the non-spined and spined morphotypes of 
B. calyciflorus. 
Wide monthly fluctuations were noted in physico-chemistry of 
pond water, (air temperature, 14° to 32.5°C; water temperature, 13.5° to 
31.5°C; transparency, 32 to 50cm; pH, 7.7 to 9.6; dissolved oxygen, 
4.8 to 12.1 ppm; bicarbonates, 210 to 515 ppm; carbonates, 56 to 220 
ppm; phosphate-P, 1.92 to 2.92 ppm and nitrate-N, 0.39 to 0.97 ppm). 
Total phytoplankton ranged between 1109 to 3086 units /ml while total 
zoopiankton ranged between 318 to 922 ind/L during different months. 
Distinct seasonal differences in the abundance of total zoopiankton, 
phytoplankton and various rotifer species were also observed. Thirteen 
species, belonging to 9 genera and 8 families of rotifers were recorded. 
Family Brachionidae was found to be forming the majorfraction of the rotifer 
taxa and was dominated by species of genus Srac/7/onas.Two marked 
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maxima of rotifers were observed during the study, first in October and 
second in February. B.calyciflorus was found to be the most dominant 
species throughtout the study. Correlation coefficients and regression 
analyses between rotifer density and some physico-chemical and bio-
logical parameters yeilded that total rotifers are negatively correlated 
with temperature and bicarbonates and positively correlative with pH, 
transparency, phosphate-P, nitrate-N, dissolved oxygen, total zooplank-
ton and total phytoplankton . 
Cyclomorphosis is an interesting phenomenon which involve al-
teration of different morphs of same species in time. Forms with exter-
nal protuberances like spines etc. alternate with forms lacking these 
exuberances. Cyclomorphosis among loricate rotifers includes an in-
crease in the length of existing spines or production of extra spines while 
some illoricate rotifers vary in their size. The appearance of cyclomorphic 
variation in nature generally coinsides with certain environmental fac-
tors such as temperature, turbulance and food quality and quantity or 
has been associated with a soluble substance released by dominant 
species of predators. Many views have been presented regarding the 
possible adaptive significance of cyclomorphosis among the zooplank-
ton including the role of indigenous factors, water bouyancy, food size 
etc. But now widely accepted hypothesis given by Brooks (1965) and 
modified by Dodson (1974) states that prey populations may reduce their 
mortalities when predators are abundant by a sort of antilock and key 
change in their morphology by growing extra spines which foils a tactile 
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mode of size selective planktivory. Cyclomorphosis has been ascribed 
usually only to phenotypic plasticity and known to be largely but not 
entirely, non-genetic in origin. 
Marked cyclomorphic changes were observed among the rotifer 
species, Brachionus bidentatus, B. calyciflorus and Keratella tropica. 
Four morphologically different forms of B. bidentatus were observed in-
cluding , f. adorna ( without postero-lateral spine), f. intermedia (with 
small postero-lateral spines), f. monospina (with only right postero-lat-
eral spine) and f. testudinarius (with well developed postero-lateral 
spines). Seven forms of B. calyciflorus were also recorded with varia-
tions in the presence and development of postero-lateral spine, namely 
f. calyciflorus, f. dorcas, f. spinosus, f. heterospina, f. amphiceros, f. 
monstruosa, and f. anuraeiformis. Keratella tropica was represented by 
four cyclomorphic forms, f monstrosa (without any left posterior spine), 
f. reducta (with bud like left posterior spine), f asymmetrica ( with 
moderately developed left posterior spine) and f heterospina (with well 
developed left and right posterior spines). Cyclomorphosis of all the three 
rotifer species was found to accur from autumn to spring through the 
winter between November to April. Length of cyclomorphic characters ( 
posterior or postero-lateral spines) was found directly related to low tem-
perature and presence of dominant predators like Asplanchna birghtwelli 
and diaptomid copepods. 
Results of induction and predation experiments to determine caus-
ative and adaptive relationship between the development of postero-
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lateral spines in prey rotifer B. calyciflorus showed that A. brightwelli 
could induce a signifcant response to develop postero-lateral spines in 
B. calyciflorus at low temperature (>90% of the population). There was 
no induction at 30°C. Postero-lateral spined morphotype of B. calyciflorus 
significantly avoided predation by A. brightwelli than those of non-spined 
morphotype. 
Comparative study of life tables and population parameters of non-
spined morphotype ( cultured in the absence of iA. brightwelli) and spined 
morphotype (cultured in the presence of A. brightwelli) at three different 
temperatures (20°, 25° and 30°C ) show that there are minor differences 
between non-spined and spined morphotype of B. calyciflorus in their 
mean survivorship, fecundity, mean generation time, net reproductive 
rate and intrinsic rate of growth at 30°C. However, these differences are 
pronounced at 20° and 25°C. Survivorship, net reproductivity and gen-
eration time of both kinds of morphotypes decreased with rising tem-
perature while intrinsic rate of growth increased at higher temperature. 
Non-spined morphotype had higher values of survivorship, net 
reproductivity and generation time as compared to spined morphotype. 
The non-spined morph was looking to be superior than the spined morph 
with respect to its life table and propulation parameters which can be 
attributed to the energy loss associated with the formation of extra spines 
which would otherwise be used to increase the growth rate or 
reproduction. 
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